I 


BLM   LIBRARY 


88045842 


TECHNICAL  APPENDICES  B  &  C 


B      Hydrogeology  Technical 

Report 
C      Faulting  and  Seismicity 

Technical  Report 


Environmental  Impact  Statement  & 
Environmental  Impact  Report 
for  the  proposed 

Mesquite 

Regional 

Landfill 

Imperial  County,  California 

SCH.  No.  92051024 

BLM  No.  CA-060-02-5440-10-B026 

Prepared  by  the 

Bureau  of  Land  Management 

California  Desert  District 


and  the 

County  of  Imperial 

Planning  &  Building  Department 


a 


Environmental  Consultant 

The  Butler  Roach  Group,  Inc. 

San  Diego,  California 


April  1994 


»  V'  ^A  V  .     w  , 


TECHNICAL  APPENDICES 

B  HYDROGEOLOGY  TECHNICAL  REPORT 
C  FAULTING  AND  SEISMICITY  REPORT 

ENVIRONMENTAL  IMPACT  STATEMENT 
ENVIRONMENTAL  IMPACT  REPORT 

for  the  proposed 

MESQUITE  REGIONAL  LANDFILL 

IMPERIAL  COUNTY,  CALIFORNIA 

SCH.  No.  92051024 
BLM  No.  CA-060-02-5440-10-B026 


prepared  for 

BUREAU  OF  LAND  MANAGEMENT 

California  Desert  District 

1661  S.  4th  Street 

El  Centro,  California 

and 

COUNTY  OF  IMPERIAL 

Planning  And  Building  Department 
"  939  Main  Street 
El  Centro,  California 


MESQUITE   REGIONAL   LANDFILL   EIS/EIR 

APPENDIX   B 

HYDROGEOLOGY  TECHNICAL    REPORT 


DECEMBER    1993 


91-296 


HYDROGEOLOGIC 

ASSESSMENT  REPORT 

MESQUITE  REGIONAL  LANDFILL 


December  1993 


ENVIRONMENTAL    SOLUTIONS,    INC. 


TABLE  OF  CONTENTS 


PAGE  NO. 


LIST  OF  TABLES/LIST  OF  FIGURES 


IV 


1.0  INTRODUCTION 


1-1 


2.0  BACKGROUND 

2.1  General 

2.2  Ground  Water  Protection  Systems 

2.2.1  General 

2.2.2  LCRS  and  Low  Permeability  Liner  System 

2.2.3  LFG  Control  System 

2.2.4  Monitoring  Systems 

2.3  Geologic  Setting 

2.3.1  Regional  Geology 

2.3.2  Tectonic  Setting 

2.3.3  Site  Geology 


2-1 
2-1 

2-3 
2-3 
2-3 
2-4 
2-5 
2-5 
2-6 
2-6 
2-7 


3.0  SUMMARY  OF  INVESTIGATIONS 

3.1  Introduction 

3.2  USGS  Background  Studies 

3.3  Initial  Mesquite  Mine  Ground  Water  Supply  Evaluation 

3.4  Investigations  Conducted  by  Gold  Fields 

3.5  Development  of  the  Mesquite  Mine  Ground  Water  Supply 

3.5.1  Pilot  Heap  Leach  Facility  and  Exploratory  Drilling  Supply  Wells 

3.5.2  Initial  Identification  of  Current  Mesquite  Mine  Well  Field 

3.5.3  Albireo  Ltd.  Geophysical  Surveys 

3.5.4  Ree  valuation  of  the  Basin  Limits 

3.5.5  Completion  of  the  Well  Field 

3.6  Sergent,  Hauskins  &  Beckwith  Geotechnical  Investigations 

3.7  Ree  valuation  of  Existing  Subsurface  Data 

3 . 8  Mesquite  Mine  Leach  Pad  Monitoring  Wells 

3.9  Additional  Landfill  Monitoring  Wells  and  Related  Test  Results 
3.9.1  General 


3-1 
3-1 
3-1 
3-2 
3-2 
3-3 
3-3 
3-3 
3-4 
3-4 
3-5 
3-6 
3-7 
3-9 
3-10 
3-10 


All  Environmental  Solutions,  Inc.  letterhead 
and  second  sheet  are  recycled  paper. 


PAGE  NO. 

3- 

■10 

3- 

■11 

3- 

■12 

3- 

■12 

3- 

■13 

3- 

■13 

TABLE  OF  CONTENTS 

(Continued) 


3.9.2  Boring  ESI-2 

3.9.3  Landfill  Monitoring  Well  LGW- 1 

3.9.4  Landfill  Monitoring  Well  LGW-2 

3.9.5  GW- 1  Pumping  Test  Results 

3.10  Ground  Water  Chemistry  Evaluations 

3.11  Other  Current  Investigations 

4.0  CLIMATIC  CONDITIONS  4-1 

5.0  HYDROGEOLOGIC CHARACTERISTICS  5-1 

5.1  Introduction  5-1 

5 . 2  Ground  Water  Occurrence  5-1 

5.2.1  Amos/Ogilby  and  East  Mesa  Basins  5-1 

5.2.2  Site  Subbasin  Area  5-3 

5.3  Ground  Water  Usage  5-4 

5.3.1  Amos/Ogilby  and  East  Mesa  Basins  5-4 

5.3.2  Site  Subbasin  Area  5-4 

5.4  Aquifer  Characteristics  5-5 

5 .4. 1  Amos/Ogilby  and  East  Mesa  Basins  5-5 

5.4.2  Site  Subbasin  Area  5-6 

5.5  Ground  Water  Quality  5-6 

5.5.1  Historical  Monitoring  Data  5-6 

5.5.2  Landfill-Related  Monitoring  Data  5-7 

6.0  POTENTIAL  ENVIRONMENTAL  CONSEQUENCES  6-1 

6.1  Introduction  6-1 

6.2  Ground  Water  Usage  Effects  6-1 

6.3  Ground  Water  Quality  6-4 

6.3.1  Introduction  6-4 

6.3.2  Leachate  Migration  Potential  6-5 

6.3.3  LFG  Migration  Potential  6-5 

7.0  REFERENCES  7-1 


u 


TABLE  OF  CONTENTS 

(Continued) 


APPENDIX  A: 
APPENDIX  B: 
APPENDIX  C: 
APPENDIX  D: 
APPENDIX  E: 
APPENDIX  F: 

APPENDIX  G: 
APPENDIX  H: 
APPENDIX  I: 


MESQUITE  MINE  WDO  NO.  89-034 

EXCERPTS  FROM  USGS  STUDIES 

GEOPHYSICAL  DATA 

GOLD  FIELDS'  PRODUCTION  AND  MONITORING  WELL  LOGS 

GROUND  WATER  LEVEL  ELEVATIONS 

COREHOLE,  MINE  GROUND  WATER  MONITORING  WELL 
AND  LANDFILL  GROUND  WATER  MONITORING  WELL  LOGS 

HELP  MODEL  CALCULATIONS 

ANALYSIS  OF  TRIPLE  COMPOSITE  LINER  PERFORMANCE 

GW-1  PUMPING  TEST  RESULTS 


in 


TABLE  OF  CONTENTS 

(Continued) 


TABLE  NO. 

3.1 

3.2 
3.3 
3.4 
3.5 
3.6 
4.1 
6.1 


LIST  OF  TABLES 

TITLE 

Summary  of  Vicinity  Wells 

Boring  ESI-1  Packer  Test  Results 

Boring  ESI-2  Packer  Test  Results 

Boring  ESI-2  Falling  Head  Test  Results 

Alluvial  Valley  Ground  Water  Quality  Data 

Subbasin  Area  Ground  Water  Quality  Data 

Rainfall  Data 

Potential  Drawdown  Effects  at  Project  Area  Wells 


FIGURE  NO. 

1.1 
2.1 

2.2 

2.3 

2.4 

2.5 

2.6 

2.7 

2.8 

2.9 

2.10 

2.11 


LIST  OF  FIGURES 

TITLE 

Regional  Location  Map 

Mesquite  Mine  Location 

Proposed  Landfill  Location 

Illustration  of  Landfill  Segments 

Illustration  of  Overall  Landfill  Cross  Section 

Liner  System  Design  Details 

Vadose  Leachate  Monitoring  Layer 

Monitoring  System  Plan  and  Details 

Physiographic  Map 

Regional  Geologic  Map  of  Southeasternmost  California 

Site  Geologic  Map 

Geologic  Cross  Sections 


IV 


FIGURE  NO. 

3.1 

3.2 

3.3 

3.4 

3.5 

3.6 

5.1 

5.2 

5.3 

TABLE  OF  CONTENTS 

(Continued) 


LIST  OF  FIGURES 

(Continued) 


TITLE 

Site  Vicinity  Production  and  Water  Wells 

Locations  of  Borings  and  Wells 

Ground  Water  Basin  Boundaries 

Geophysical  Survey  Map 

Seismic  Refraction  Profile  Line  "A" 

Depth  to  Basement  Rock 

Subbasin  and  Alluvial  Basin  Cross  Section 

Depth  to  Ground  Water  in  Subbasin 

Subbasin  Ground  Water  Contours 


1.0     INTRODUCTION 

1 .  Gold  Fields  Mining  Co.  (Gold  Fields),  Western  Waste  Industries,  and  SP  Environmental 
Systems  have  formed  a  partnership  to  develop  the  proposed  Mesquite  Regional  Landfill,  a 
new  Class  III  (nonhazardous  waste)  landfill  in  Imperial  County.  Arid  Operations  Inc.,  a 
wholly-owned  subsidiary  of  Gold  Fields,  is  the  applicant  for  the  proposed  landfill  and  would 
operate  the  landfill  for  the  partnership.  Gold  Fields  operated  the  Mesquite  Gold  Mine,  at  the 
same  location,  from  1985  until  mid- 1993  when  gold  mining  operations  were  taken  over  by 
Santa  Fe  Pacific  Minerals  Corporation.  The  Mesquite  Regional  Landfill  (Figure  1.1)  is 
proposed  for  the  long-term  disposal  of  municipal  solid  waste  (MS  W)  from  the  populated 
(e.g.,  Los  Angeles  County)  portions  of  southern  California.  The  material  disposed  would  be 
the  residue  after  recyclables  have  been  removed  in  the  area  of  the  MSW  origin.  The  resulting 
MSW  residue  would  be  nonhazardous  solids  delivered  to  the  site  by  a  rail-haul  system.  The 
landfill  is  expected  to  have  sufficient  volume  for  disposal  of  about  600  million  tons  of  MSW 
residue  over  an  approximate  100-year  period. 

2.  The  purpose  of  this  report  is  to  describe  the  hydrogeologic  conditions  at  the  proposed  landfill 

site  in  sufficient  detail  for:  (1)  completion  of  the  environmental  analysis  to  satisfy  California 

Environmental  Quality  Act  (CEQA)  and  National  Environmental  Policy  Act  (NEPA) 

requirements;  and  (2)  as  background  information  for  the  Report  of  Waste  Discharge  to  be 

submitted  to  the  Colorado  River  Regional  Water  Quality  Control  Board  (RWQCB),  and  the 

Report  of  Disposal  Site  Information  (RDSI)  to  be  submitted  to  the  California  Integrated  Waste 

Management  Board  (CIWMB).  The  information  is  presented  in  the  following  chapters: 

2.0  -  Background 

3.0  -  Summary  of  Investigations 

4.0  -  Climatic  Conditions 

5.0  -  Hydrogeologic  Characteristics 

6.0  -  Potential  Environmental  Consequences 

7.0  -  References 

Also,  the  following  appendices  are  provided: 

Appendix  A  -  Mesquite  Mine  WDO  No.  89-034 

Appendix  B  -  Excerpts  from  USGS  Studies 

Appendix  C  -  Geophysical  Data 

Appendix  D  -  Gold  Fields'  Production  and  Monitoring  Well  Logs 

Appendix  E  -  Ground  Water  Level  Elevations 

Appendix  F  -  Landfill  Boring  Logs 

Appendix  G  -  HELP  Model  Calculations 

Appendix  H  -  Analysis  of  Triple  Composite  Liner  Performance 

Appendix  I    -  GW-1  Pumping  Test  Results 
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2.0     BACKGROUND 

2.1     GENERAL 

1 .  A  unique  aspect  of  the  proposed  regional  landfill  is  its  siting,  most  of  which  is  on  property 
used  by  the  Mesquite  Gold  Mine  (Figure  2.1).  The  Mesquite  Mine  is  the  largest  heap  leach 
gold  mine  in  California,  which  started  operations  in  1985.  Mining  activities  are  expected  to 
continue  for  an  additional  10  to  15  years.  Gold  is  removed  by  the  process  of  leaching  with  a 
dilute  cyanide  solution  at  heap  leach  pads  which  will  ultimately  cover  up  to  600  to  1 ,000  acres. 

2 .  The  heap  leach  process  is  operated  in  compliance  with  Waste  Discharge  Order  (WDO) 

No.  89  034  (Appendix  A),  issued  by  the  Colorado  River  RWQCB  in  Palm  Desert,  California. 
The  initial  heap  leach  pads  were  lined  with  a  low  permeability  flexible  membrane  liner  (FML). 
Current  pads  are  using  a  composite  liner  consisting  of  FML  and  clay  obtained  from  mine 
overburden.  These  systems  prevent  the  loss  of  solution  impregnated  with  gold  and  the  threat 
of  ground  water  contamination.  The  process  solution  is  collected  in  a  series  of  lined  ditches, 
enclosed  pipes,  and  ponds.  Ground  water  and  vadose  zone  conditions  at  the  site  have  been 
monitored  since  1985  in  compliance  with  RWQCB  requirements. 

3 .  The  WDO  provides  for  the  heap  leach  ore  material  to  be  abandoned  as  nonhazardous  mining 
wastes  when  analyses  of  the  material  show  that  remaining  cyanide  concentrations  are  very  low 
so  that  water  quality  would  not  be  threatened.  If  required,  the  leach  piles  will  be  rinsed  with 
freshwater  to  achieve  the  abandonment  criteria. 

4.  The  landfill  would  not  be  located  in  the  existing  or  future  mine  pits.  Instead,  it  would  be 
constructed  above  the  existing  desert  floor,  to  maintain  a  large  separation  above  ground  water. 
The  western  end  of  the  landfill  (Figure  2.2)  would  extend  about  1,400  feet  west  of  the 
existing  mine  limits.  It  is  possible  to  build  the  landfill  in  this  configuration  because  of  the 
availability  of  mine  overburden  and  abandoned  spent  ore  for  cover  soil  materials.  Physical 
testing  (e.g.,  proctor  compaction  testing,  Atterberg  limits,  and  grain  size  distribution  curves) 
of  these  materials  has  shown  that  they  would  perform  well  for  this  purpose.  At  completion 
of  mining,  approximately  300-  and  100-million  tons  of  overburden  and  ore  residue, 
respectively,  would  be  available. 

5.  The  depth  to  ground  water  along  the  western  boundary  varies  from  about  140  to  350  feet 
(from  north  to  south).  Excavation  for  the  landfill  in  this  area  would  be  limited  to  about  5  feet, 
only  to  remove  thin  lenses  of  gravel  resources,  and  to  grade  the  area  to  drain.  The  eastern 
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edge  of  the  landfill  would  extend  across  the  area  being  used  for  mine  heap  leaching,  where  the 
depth  to  ground  water  is  on  the  order  of  200  to  250  feet.  It  is  expected  that  the  landfill  base  in 
the  eastern  portion  of  landfill  would  be  near  the  existing  ground  surface  at  the  bottom  of  the 
heap  leach  pads.  An  excavation  up  to  50  feet  deep  could  be  made  at  the  eastern  landfill  area, 
however,  if  existing  soil  or  clay  in  that  area  is  needed  for  landfill  liner  construction  or  closure. 
Under  any  circumstances,  the  depth  to  ground  water  would  always  be  maintained  at  least 
150  feet  below  the  base  of  the  landfill. 

6.  The  landfill  base  would  be  developed  into  a  series  of  segments  as  illustrated  in  Figure  2.3. 
This  arrangement  provides  for  the  following: 

•  Leachate  collection  and  recovery  systems  (LCRS)  to  be  separately 
monitored  for  each  segment. 

•  Efficient  management  of  surface  water  runoff  from  infrequent  desert 
storms  during  the  expansion  of  each  new  segment  area. 

•  "Closure"  of  portions  of  the  landfill  as  the  facility  is  gradually  expanded. 

The  cross  section  in  Figure  2.4  illustrates  how  the  ultimate  landfill  configuration  would  be 
constructed  continuously  above  the  base  segments.  It  is  anticipated  that  final  closure 
construction  would  occur  as  disposal  at  each  individual  area  is  completed. 

7 .  The  water  supply  for  the  landfill  operation  would  be  obtained  from  the  existing  large  capacity 
wells  used  to  supply  the  Mesquite  Mine.  The  "Gold  Fields"  well  field  is  located  several  miles 
south  of  the  mine  and  landfill  (see  Section  3.5).  This  distance  was  required  to  reach  a  large 
area-wide  alluvial  aquifer  which  does  not  exist  beneath  the  mine  or  landfill  areas.  Ground  water 
at  the  site  is  limited  to  small  production  rates  because  the  area  is  underlain  by  low  permeability 
rock.  Chapter  3.0  describes  a  variety  of  investigations  undertaken  by  Gold  Fields  since  1982 
to  evaluate  both  onsite  areas  and  the  remote  well  field  area  for  development  of  a  water  supply. 

8 .  The  combination  of  Mesquite  Mine  and  landfill  water  usages  would  not  exceed  the  existing 
maximum  permitted  annual  well  field  withdrawal  rate  of  4,033  acre-feet  per  year.  The  most 
probable  actual  water  use  during  this  time  would  be  1,500  acre-feet  per  year,  to  a  high  value 
of  3,000  acre-feet  per  year  when  both  facilities  are  operating  at  maximum  water  use.  After 
mine  closure,  water  usage  would  drop  to  about  1 ,000  acre-feet  per  year  unless  the  MSW 
residue  is  conditioned  with  moisture  to  enhance  landfill  gas  (LFG)  generation.  In  that  event, 
the  existing  4,033  acre-feet  per  year  allowance  would  be  continued. 
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2.2    GROUND  WATER  PROTECTION  SYSTEMS 

2.2.1   GENERAL 

1 .     The  primary  ground  water  protection  systems  consist  of  the  following  three  elements: 

•  A  LCRS  and  low  permeability  liner  system  at  the  landfill  to  prevent 
downward  migration  of  liquids  or  LFG. 

•  A  vacuum  extraction  system  within  the  landfill  to  collect  the  majority  of 
the  generated  LFG  and  to  prevent  positive  gas  pressures  against  the 
low  permeability  liner. 

•  A  series  of  redundant  monitoring  systems  to  provide  an  early  indication 
if  the  control  systems  are  not  operating  as  intended,  so  that  appropriate 
operating  response  could  be  made. 

These  protection  systems  are  described  in  the  following  sections.  Secondary  activities  such  as 
compacting  of  the  MSW  residue  and  the  provision  of  temporary  and  final  covers  to  prevent 
infiltration  of  precipitation  into  the  landfill  area  not  described  in  detail  here. 


2.2.2  LCRS  AND  LOW  PERMEABILITY  LINER  SYSTEM 

1 .  The  base  liner  and  leachate  management  system  proposed  for  the  landfill  is  designed  to  exceed 
existing  and  proposed  state  and  federal  regulatory  standards  for  Class  III  landfill  liners.  The 
system  would  include  a  triple  composite  liner  with  an  overlying  LCRS  that  would  collect 
potential  leachate  from  each  landfill  segment.  During  the  life  of  the  proposed  landfill,  updated 
liner  configurations  may  be  implemented  in  response  to  new  technologies  and/or  regulatory 
requirements.  Approval  by  all  regulatory  agencies  with  jurisdiction  over  landfill  liners  would 
be  required  before  an  updated  liner  configuration  could  be  implemented  by  the  Applicant. 

2 .  The  liner  and  LCRS  system  would  consist  of  the  following  components,  starting  at  the  ground 
level  and  going  upward  (see  Figure  2.5): 

•  A  compacted  subgrade  prepared  with  compacted  weathered  claystone  or 
screened  soil  for  liner  placement. 

•  A  triple  composite  low  permeability  liner  that  would  be  highly  resistant  to 
gas  or  liquid  penetration.  This  triple  liner  would  include  the  following 
components  from  bottom  to  top: 

A  Very  Low  Density  Polyethylene  (VLDPE),  or  equivalent  FML. 
The  thickness  of  this  FML  layer  will  meet  or  exceed  the  30  mil 
thickness  required  for  Resource  Conservation  and  Recovery  Act 
(RCRA)  Subtitle  D  double-composite  systems. 

A  1-foot  thick  layer  of  compacted  clay  with  properties  which  will 
provide  a  permeability  of  106  centimeters  per  second  (cm/sec). 
A  60-mil  High  Density  Polyethylene  (HDPE)  FML  above  the  clay. 
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•  An  LCRS  consisting  of  a  1-foot  layer  of  gravel  and  perforated  leachate 
collection  pipes,  installed  directly  above  the  triple  composite  liner. 
The  LCRS  would  provide  a  free  drainage  path  for  any  leachate  that 
may  form  in  the  landfill,  without  the  potential  of  creating  a  large  water 
pressure  on  the  underlying  triple  composite  liner.  A  16-ounce 
geotextile  would  be  provided  below  trie  LCRS  layer  to  prevent  the 
HDPE  from  being  punctured.  An  8-ounce  geotextile  would  be  placed 
above  the  LCRS  to  filter  any  particles  carried  with  leachate. 

•  An  operations  layer  (at  least  2  feet  of  soil)  to  protect  the  LCRS  and 
triple  composite  liner  from  landfill  operations. 

3 .  In  addition  to  providing  redundant  protection  against  potential  leakage,  the  FML  layers 
would  prevent  the  loss  of  moisture  from  the  clay  which  could  result  in  desiccation  cracking 
over  the  long  term.  In  order  for  a  leak  to  occur  through  this  triple  composite  system,  there 
would  have  to  be  a  defect  in  both  FMLs  and  a  crack  in  the  clay  at  approximately  the  same 
location.  The  probability  of  such  an  occurrence,  especially  with  a  high  level  of  quality 
control,  would  be  extremely  low.  The  estimated  performance  for  this  system  is  discussed 
in  Section  6.3  and  Appendix  H. 

4.  The  liner  installed  in  each  segment  would  slope  toward  the  southwest,  causing  any  leachate 
generated  to  migrate  toward  the  southwest.  As  the  leachate  migrates  to  the  southwest,  it 
would  be  collected  in  the  perforated  pipes  and  conveyed  by  pipe  out  from  under  the  landfill 
footprint  for  treatment  at  an  onsite  water  reclamation  facility,  if  required,  for  recycling  or 
dust  control,  etc. 


2.2.3  LFG  CONTROL  SYSTEM 

1 .     The  triple  composite  liner  discussed  above  will  also  be  a  barrier  against  the  potential 
migration  of  LFG  generated  from  the  MSW  residue.  The  primary  procedures  for 
controlling  LFG,  however,  will  be  through  the  installation  of  horizontal  vacuum  wells  into 
the  MSW  as  the  landfill  is  developed.  Appendix  H  discusses  how  this  system  would  be 
designed  to  maintain  a  vacuum  above  the  liner  so  that  there  is  no  pressure  trying  to  push 
the  LFG  downward. 
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2.2.4  MONITORING  SYSTEMS 

1 .  Several  redundant  ground  water  protection  monitoring  systems  would  be  incorporated  into  the 
landfill  design  and  operation  to  provide  an  early  warning  if  any  of  the  primary  control  systems 
was  not  functioning  as  anticipated.  These  would  include  the  following  monitoring  systems, 
shown  in  Figures  2.6  and  2.7: 

•  Vacuum  probes  at  the  top  of  the  operations  layer  to  assure  that  the  LFG 
control  system  is  functioning  adequately  (Figures  2.6  and  2.7). 

•  The  vadose  leachate  collection  layer  (with  additional  liner),  beneath  the 
triple  composite  liner,  at  zones  with  highest  potential  for  flow  (Figure  2.6) 
to  act  as  the  leachate  vadose  zone  monitor. 

•  A  series  of  gas  monitoring  probes  in  the  vadose  (unsaturated)  zone 
beneath  the  landfill  (Figure  2.7). 

•  Perimeter  vadose  zone  gas  monitoring  probes  (Figure  2.7). 

•  At  least  one  downgradient  ground  water  monitoring  well  for  the  initial 
MSW  residue  disposal  segments  (Figure  2.7). 

A  vacuum  would  be  drawn  on  the  vadose  and  perimeter  zone  probes  periodically  to  determine 
if  there  is  evidence  of  leachate  or  LFG  escaping  from  the  containment.  If  any  indication  of  an 
escape  is  observed,  the  affected  area  would  be  covered  with  a  low  permeability  intermediate 
cover  to  minimize  infiltration  of  the  air  above  the  landfill  and  to  allow  an  increase  in  the  vacuum 
applied.  The  gas  control  systems  would  be  enhanced  to  assure  that  a  negative  pressure  is 
maintained  above  the  liner  to  positively  prevent  downward  gas  migration. 

2 .  If,  after  several  years  of  experience,  it  is  demonstrated  that  the  potential  for  long-term  leachate 
does  not  exist  in  the  site's  arid  environment,  a  request  may  be  made  to  the  R WQCB  to 
eliminate  the  second  leachate  collection  layer  along  the  two  boundaries  and  downgradient 
corner  of  future  segments,  and/or  to  reduce  the  number  of  vadose  wells  required  per  segment. 
That  request  would  be  made  only  if  monitoring  results  confirmed  that  leachate  was  not 
occurring  after  the  first  several  lifts  of  MSW  residue  and  soil  cover  were  placed  in  the  first 
segment  area,  and  that  a  vacuum  condition  was  being  maintained  above  the  liner. 


2.3    GEOLOGIC  SETTING 

1 .     This  section  is  summarized  from  a  detailed  discussion  of  geology  and  faulting  discussed 

in  the  Draft  Faulting  and  Seismicity  Report  for  the  Mesquite  Regional  Landfill  (Environmental 
Solutions,  Inc.  1992a).  The  information  is  provided  as  background  for  the  detailed  site 
description  and  ground  water  information  presented  in  the  remainder  of  this  report. 
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2.3.1  REGIONAL  GEOLOGY 

1 .  The  proposed  project  is  located  at  the  eastern  margin  of  the  Colorado  Desert  physiographic 
province  near  its  boundary  with  the  Mojave  Desert  Province  to  the  east  (Figure  2.8). 

The  region  is  characterized  by  structural  trends  expressed  as  northwest-trending  mountain 
ranges  separated  by  valleys.  The  dominant  feature  in  the  area  is  the  Salton  Trough,  a  large 
northwest/southeast-trending  depression  that  extends  from  near  Palm  Springs  to  the  head  of 
the  Gulf  of  California  in  Mexico. 

2 .  The  floor  of  the  Salton  Trough  and  the  gently  sloping  coalescing  piedmont  fans  at  the  trough 
margins  are  part  of  the  Colorado  Desert  Province.  The  mountains  east  of  the  Salton  Trough, 
including  the  Chocolate,  Cargo  Muchacho,  Picacho,  and  Palo  Verde  mountains,  are  part  of 
the  Mojave  Desert  Province  (California  Division  of  Water  Resources,  1952).  The  proposed 
landfill  site  is  located  at  the  upper  margin  of  the  piedmont  fan  and  is  characterized  by  a  gently 
sloping  (average  of  about  80  feet  per  mile)  alluvial  surface. 

3.  Figure  2.9  shows  a  regional  geologic  map  for  Imperial  County.  The  Chocolate  Mountains 
reach  a  maximum  elevation  of  about  2,400  feet  at  Mount  Barrow,  about  seven  miles  north 
of  the  project  area.  The  mountains  are  composed  of  Precambrian  to  Mesozoic  age  basement 
rocks.  These  are  overlain  by  Tertiary  and  Quaternary  age  nonmarine  sediments  and  volcanic 
units  which  are  exposed  in  the  foothills.  The  materials  comprising  the  outcrops  near  the 
project  area  are  similar  to  the  units  exposed  in  the  mountains  and  foothills  to  the  north. 

4.  The  piedmont  fan  extending  southwestward  from  the  site  area  is  a  gently  sloping  alluvial 
surface  underlain  at  shallow  depth  by  a  pediment  (eroded  rock  surface).  Exposed  units 
comprising  the  alluvial  surface  consist  of  three  different  ages,  differentiated  according  to  the 
degree  of  dissection  and  the  development  of  pedogenic  soils.  The  topography  slopes  toward 
the  southwest  and,  other  than  the  presence  of  an  intricate  braided  network  of  shallow  incised 
channels,  is  relatively  featureless.  The  gently  sloping  surface  terminates  at  the  Algodones 
Dunes,  about  6  miles  southwest  of  the  project  site. 


2.3.2  TECTONIC  SETTING 

1 .     The  site  lies  several  miles  east  of  the  eastern  Salton  Trough  boundary.  This  large  trough 
formed  as  a  result  of  crustal  spreading  between  the  North  American  and  Pacific  Tectonic 
plates  along  the  San  Andreas  Fault  System.  During  Pliocene  time  (2  to  12  million  years  ago), 
Baja  California  rifted  from  the  mainland  of  Mexico  along  what  is  now  the  Gulf  of  California. 
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Spreading  progressed  northward  into  the  Salton  Trough  from  the  gulf,  resulting  in  the 
widening  and  elongation  of  Imperial  Valley.  Large  horizontal  displacements  (transverse 
faulting)  along  the  San  Andreas  Fault  System,  now  oblique  to  the  Gulf  Trend,  formed  the 
eastern  boundary  of  the  Salton  Trough.  As  the  gulf  and  Salton  Trough  continued  to  open, 
a  thick  sequence  of  sediments  were  deposited  which  initiated  subsistence  along  block  faults  at 
the  flanks  of  Imperial  Valley.  Tectonic  activity  continues  today  as  spreading  continues  in  the 
trough  area.  This  activity  is  primarily  associated  with  fault  systems  26  or  more  miles  from  the 
proposed  landfill  site. 

The  region  represents  a  transitional  zone  where  coastal  rifting  processes  have  joined  with 
transform  faulting  to  develop  deep  valleys  surrounded  by  high  mountains.  The  mountains 
have  provided  a  source  for  sediments  that  accumulated  in  the  sunken  crustal  block  of  the 
Salton  Trough. 


2.3.3  SITE  GEOLOGY 

1 .  A  total  of  four  lithologic  units,  plus  very  recent  alluvium,  have  been  defined  near  the  proposed 
landfill.  From  youngest  to  oldest,  these  units  include  (Figure  2.10): 

•  Intermediate  alluvium  (Qil) 

•  Older  alluvium  (Qtol) 

•  The  Bear  Canyon  Conglomerate  bedrock  unit  (Tbc) 

•  Undifferentiated  metamorphic  and  igneous  basement  rocks  (be) 

2.  The  very  recent  alluvium  unit  is  of  Holocene  age  (less  than  10,000  years  old)  and  is 
constrained  to  the  active  channel  floors.  It  consists  of  unconsolidated  sands  and  gravels  with 
a  generally  low  silt  fraction.  The  intermediate  alluvial  unit  is  represented  by  a  sequence  of 
perched  alluvial  fan  surfaces  that  lie  up  to  4  feet  above  the  active  channels.  The  intermediate 
alluvium  is  slightly  coarser  grained  than  the  younger  recent  alluvium,  being  composed  of 
poorly  consolidated  sand,  gravel  and  silt  that  has  undergone  slight  weathering.  A  moderately- 
developed  desert  pavement  and  desert  varnish  have  formed  on  the  detritus.  The  weathered 
surface  of  the  intermediate  alluvium  ranges  between  late  Pleistocene  and  early  Holocene  age 
(8,000  to  17,000  years  old)  (Shlemon,  1993).  The  third  alluvial  unit,  the  old  alluvium,  is 
represented  by  the  highest  alluvial  fan  surfaces,  which  are  perched  up  to  8  or  more  feet  above 
the  intermediate  age  alluvial  surfaces.  This  old  alluvium  unit  is  very  conspicuous  and 
widespread  with  a  distinct  yellowish  red  color.  The  old  alluvium  consists  of  poorly 
consolidated  sands  and  gravels  that  are  slightly  indurated  and  weathered.  The  old  alluvium 
surface  displays  a  very  continuous  and  well-developed  desert  varnish  and  desert  pavement 
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(patina),  and  well-developed  desert  soil  horizons.  The  old  alluvium  surface  is  of  late 
Pleistocene  age  (35,000  to  40,000  years  old)  (Shlemon,  1980  and  1993;  and  Christenson  and 
Purcell,  1985),  having  undergone  at  least  one  pluvial  cycle.  Beneath  the  surface  soil  the  old 
alluvium  is  estimated  to  be  60,000  to  70,000  years  of  age  (Oxygen-Isotope  Stage  3). 

3 .  All  three  alluvial  units  were  deposited  as  fanglomerates  derived  locally  from  the  Chocolate 
Mountains.  The  maximum  alluvial  thickness  overlying  the  bedrock  and  basement  rock 
pediment  is  judged  to  be  about  20  feet,  though  it  varies  due  to  an  uneven  buried  bedrock 
surface.  Lacustrine  (lake)  deposits  associated  with  the  recent  Salton  Sea,  or  ancient  Lake 
Cahuilla  that  previously  occupied  the  Imperial  Valley  Floor,  inclusive  of  the  old  shorelines, 
lie  far  to  the  west  of  the  site  area  and  below  an  elevation  of  100  feet. 

4 .  Below  the  alluvium  is  a  bedrock  unit  known  as  the  Bear  Canyon  Conglomerate.  This  unit  is 
exposed  in  three  isolated  outcrops  (Figure  2.10)  in  the  north-central  portion  of  the  project  site 
as  well  as  in  the  mine  pits  to  the  north.    Section  views  of  this  unit  are  shown  in  Figure  2.11. 
The  Miocene-Pliocene  age  Bear  Canyon  Conglomerate  consists  primarily  of  massive  beds 
of  conglomerate,  breccia,  sandstone  and  siltstone.  Clasts  within  the  formation  consist  of 
granitic  and  gneissic  rocks  with  a  subordinate  constituent  of  volcanics.  Interlayered  with  the 
nonmarine  sediments  are  vesicular  olivine  basaltic  lava  flows  that  are  distinctly  dark  gray, 
very  hard  and  range  up  to  about  10  feet  thick.  Weathering  is  slight  and  the  beds  are  slightly 
to  moderately  well-cemented  with  calcium  carbonate  and/or  a  clayey  matrix.  Formational 
thickness  is  judged  to  be  at  least  1,000  feet.  Exposure  in  the  Vista  Mine  Pit  to  the  northeast 
of  the  proposed  landfill  site  indicates  that  in  the  site  area,  the  lower  100  (plus)  feet  consists 
of  bedded  lacustrine  claystone. 

5 .  The  alluvial  units  and  Bear  Canyon  conglomerate  are  underlain  by  Pre-tertiary  Age  (greater 
than  65  million  years  old)  igneous  and  metamorphic  rocks  which  generally  consist  of  biotite 
and  hornblend  gneisses,  muscovite  schist  and  pegmatite  dikes.  Foliation  in  the  metamorphic 
members  is  well  developed,  and  in  outcrop  this  unit  is  fresh  to  moderately  weathered.  At  the 
surface,  the  rock  appears  to  be  highly  fractured  and  jointed.  At  depth  these  discontinuities 
become  fewer  in  number  and  tighter,  due  to  confinement  by  the  overlying  units.  Within  the 
proposed  landfill  area,  depth  to  basement  rock  varies  from  zero  at  small  outcrops  to  depths  in 
excess  of  1,000  feet. 

6 .  Flanking  the  western  side  of  the  Chocolate  Mountains  is  a  broad  low  relief  pediment  surface 
that  gently  slopes  from  the  foot  of  the  range  to  the  floor  of  the  Salton  Trough.  Within  the 
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site  area,  a  thin  mantle  of  alluvial  outwash  debris  overlies  bedrock  composed  of  nonmarine 
sediments  and  older  metamorphic  rocks.  The  buried  basement  rock  surface  was  deeply 
eroded  as  the  mountain  front  receded.  Prior  to  the  formation  of  this  pediment,  the 
Bear  Canyon  Conglomerate  was  deposited  adjacent  to  the  mountain  front.  Preceding  and 
accompanying  this  time  period,  faulting  occurred  breaking  the  terrain  up  into  discrete  fault 
blocks  with  distinct  rock  types  (Tosdal,  et  al.,  1991). 
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3.0     SUMMARY  OF  INVESTIGATIONS 

3.1     INTRODUCTION 

1 .  Because  of  the  existence  of  the  Mesquite  Mine,  the  proposed  landfill  site  area  is  one  of  the 
most  extensively  investigated  areas  in  the  California  Desert.  This  chapter  summarizes 
pertinent  information  from  key  geological,  geotechnical,  and  ground  water  evaluations 
performed  for:  (1)  the  Mesquite  Mine;  (2)  the  proposed  landfill;  and  (3)  other  projects  in 
the  general  vicinity.  References  to  appendices  or  original  documents  are  provided  where 
appropriate. 

2 .  Figure  3. 1  shows  the  locations  of  wells  in  the  general  vicinity  of  the  site  area  which  are 
discussed  in  this  report.  Figure  3.2  shows  the  locations  of  borings  and  wells  in  the  immediate 
site  area  which  are  used  to  assist  in  interpreting  subsurface  and  ground  water  conditions. 
Table  3.1  provides  a  summary  of  information  from  selected  wells. 


3.2     USGS  BACKGROUND  STUDIES 

1 .  The  United  States  Geologic  Survey  (USGS)  performed  the  following  two  investigations  in 
the  area  which  provide  important  background  information  for  understanding  ground  water 
conditions  in  the  Imperial  Valley,  including  those  in  the  general  site  vicinity: 

•  Preliminary  Appraisal  of  Ground  Water  in  Storage,  with  Reference 
to  Geothermal  Resources  in  the  Imperial  Valley  Area,  California 
(Dutcher,  1972). 

•  Geohydrologic  Reconnaissance  of  the  Imperial  Valley,  California 
(Loeltz,  1975). 

Excerpts  from  these  references  discussed  in  later  portions  of  this  report  are  provided  in 
Appendix  B.  Of  particular  interest  is  Figure  13  of  Appendix  B.l  which  shows  the  ground 
water  contours  of  shallow  aquifer  systems  in  Imperial  and  Mexicali  valleys  for  1962  and 
1964.  These  data  show  that,  in  general,  ground  water  flow  conditions  in  southeastern 
Imperial  County  traditionally  occurred  toward  the  northwest,  with  the  Salton  Sea  acting  as  the 
ultimate  "collection  sink."  The  collected  water  evaporates  from  the  sea  and  then  reenters  the 
hydrologic  cycle.  Locally,  conditions  may  vary  from  the  contours  shown  due  to  pumping, 
basin  boundaries,  canal  infiltration,  etc.  However,  the  figure  is  useful  for  illustrating  the 
general  baseline  ground  water  flow  characteristics  of  the  area. 
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3.3     INITIAL  MESQUITE  MINE  GROUND  WATER  SUPPLY  EVALUATION 

1 .     Leroy  Crandall  and  Associates  (1982)  performed  an  initial  ground  water  supply  evaluation 
for  Gold  Fields.  That  investigation  considered  only  a  90-square  mile  portion  of  the 
Amos  Basin  (Figure  3.3),  assuming  the  only  source  of  recharge  to  the  basin  to  be  from 
precipitation,  with  no  subsurface  inflow  from  adjacent  areas.  The  study  did  not  recognize 
the  continuity  of  the  Amos,  Ogilby,  and  possibly  the  East  Mesa  basins,  which  is  presently 
believed  to  exist.  The  most  useful  data  in  that  report  is  the  inventory  of  wells  in  the  vicinity 
which  existed  at  that  time. 


3.4     INVESTIGATIONS  CONDUCTED  BY  GOLD  FIELDS 

1 .  Since  1981,  Gold  Fields  has  drilled  several  thousand  exploration  borings  in  the  vicinity  of  the 
proposed  landfill  project.  Most  of  these  have  been  in  the  Mesquite  Mine  pit  areas,  but  many 
were  also  drilled  in  adjacent  areas  to  define  the  limits  of  mineralization  and  to  verify  that  gold 
ore  does  not  occur  beneath  overburden  piles  and  process  facilities  (e.g.,  heap  leach  pad  areas). 
These  holes  typically  extended  to  depths  of  200  to  400  feet,  with  some  extending  to  2,000  feet. 
Most  holes  encountered  basement  rock,  which  is  the  host  formation  for  the  gold  content. 
Detailed  geologic  logs  of  near  surface  materials  were  not  prepared  for  exploration  borings. 
However,  depth  of  basement  rock  was  always  logged,  when  encountered.  Also,  the  potential 
existence  of  ground  water  was  usually  noted  when  the  driller  observed  cuttings  which  appeared 
to  be  more  moist  than  usual.  Exploration  borings  used  for  this  hydrogeologic  investigation  are 
shown  in  Figure  3.2. 

2 .  Gold  Fields  also  conducted  several  geophysical  surveys  in  the  area  to  assist  in  locating 
shallow  basement  rock  and  areas  which  had  the  highest  potential  for  mineralization. 
Appendix  C  presents  gravity  and  resistivity  data  obtained  during  these  surveys.  The  gravity 
and  resistivity  data  correlate  well  between  each  other  and  with  subsurface  conditions 
encountered  in  boreholes.  In  general,  the  data  indicates  that  the  mine  leach  pads  and  the 
proposed  landfill  are  both  situated  in  an  area  north  of  a  high  basement  rock  "ridge."  This 
condition  places  the  facilities  in  the  subbasin  area,  outside  of  the  main  alluvial  basin.  For 
purposes  of  describing  the  hydrologic  system  in  the  vicinity,  the  area  above  the  basement  high 
is  called  the  "subbasin,"  while  the  high  volume  water-producing  basin  several  miles  to  the 
south  of  the  site  is  considered  to  be  the  "main  alluvial  basin."  This  terminology  is  used 
throughout  this  report. 
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3.5    DEVELOPMENT  OF  THE  MESQUITE  MINE  GROUND  WATER  SUPPLY 

1 .     Eight  potential  supply  wells  were  drilled  during  development  of  the  Mesquite  Mine  project 
water  supply,  and  an  additional  nine  were  completed  for  monitoring  conditions  at  the  heap 
leach  facilities  and  well  field.  These  wells  are  shown  in  Figure  3.1  and  their  characteristics 
are  summarized  in  Table  3.1.  This  section  summarizes  the  various  ground  water 
development  activities. 


3.5.1  PILOT  HEAP  LEACH  FACILITY  AND  EXPLORATORY  WATER  SUPPLY  WELLS 

1 .  The  first  attempt  at  a  water  supply  well  at  the  Mesquite  Mine  was  Well  WT-1  drilled  in  the 
initial  mine  pit  area.  That  well  was  unsuccessful  and  yielded  only  4  gpm.  The  second 
attempt  was  Well  WT-2  which  successfully  supplied  the  Mesquite  pilot  heap  leach  test 
facility.  Well  WT-2  was  drilled  to  a  depth  of  442  feet  and  completed  in  October  1982. 
The  well  was  rated  at  28  gallons  per  minute  (gpm)  for  short-term  uses  and  produced  from 
basement  rock  in  the  initial  mine  pit  area. 

2.  Two  other  wells,  SM-63  and  SM-241,  were  also  completed  in  the  initial  mine  pit  area.  These 
wells  supplied  water  for  exploratory  drilling.  Both  of  these  wells  were  rated  at  about  10  gpm 
and  are  no  longer  in  use. 

3 .  In  March  of  1983,  Well  MCR-80  was  drilled  as  the  first  attempt  to  develop  a  large  supply 
well  for  the  full-scale  mining  project.  It  was  completed  to  a  depth  of  greater  than  1 ,000  feet, 
with  over  600  feet  of  perforations  below  the  static  water  level.  This  well  was  located  about 
one  mile  east  of  the  leach  pad  area  and  was  unsuccessful.  The  water  level  was  completely 
drawn  down  at  a  pumping  rate  of  about  30  gpm.  Robert  Fox  was  requested  to  review 
pumping  test  data  from  this  well  and  in  1985  provided  a  letter  (Fox,  1985a)  to  Gold  Fields 
concluding  that  the  well  is  capable  of  pumping  20  gpm  for  as  long  as  48  hours.  He 
recommended  that  the  well  not  be  pumped  continuously. 


3.5.2  INITIAL  IDENTIFICATION  OF  CURRENT  MESQUITE  MINE  WELL  FIELD 
1 .     Fox  was  initially  retained  in  1983  as  the  project's  ground  water  hydrology  consultant. 

Fox  (1984a)  postulated  that  in  order  to  be  successful,  production  wells  would  have  to  be  located 
about  five  miles  south  of  the  project  near  the  Old  Vista  Well  (see  Figure  3.1).  This  would  avoid 
the  high  rock  zone  (subbasin)  closer  to  the  mine,  where  wells  were  not  productive. 
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2.  Fox  (1984b)  made  estimates  of  recharge  and  storage  considering  only  the  Amos  ground 
water  basin  (Figure  3.3),  without  consideration  of  the  potential  for  recharge  from  adjacent 
basins.  He  concluded  that  precipitation  infiltration  at  the  Sand  Hills  area  would  be  about 
3,500  acre-feet  per  year,  on  the  order  of  the  maximum  4,033  acre-foot  per  year  requirement 
estimated  by  Gold  Fields  to  operate  the  mine.  He  concluded  that  recharge  does  not  occur  in 
the  other  desert  portions  of  the  basin. 

3 .  The  initial  Gold  Fields  production  well  GF-1  was  drilled  to  a  depth  of  822  feet  near  the 
Old  Vista  Well  (Figure  3.2).  The  log  for  GF-1  is  provided  in  Appendix  D.  Water  was 
encountered  at  a  depth  of  490  feet.  A  pump  test  conducted  under  the  direction  of  Fox  (1985b) 
indicated  a  sustained  yield  of  at  least  2,600  gpm  (4,193  acre-feet  per  year)  with  a  drawdown 
of  about  54  feet  at  this  well.  In  1985,  Fox  recommended  a  sustained  yield  of  1,900  gpm 
from  this  well. 


3.5.3  ALBIREO  LTD.  GEOPHYSICAL  SURVEYS 

1 .  In  1984,  Gold  Fields  retained  Albireo  Ltd.  to  conduct  geophysical  surveys  of  the  subbasin 
and  alluvial  basin  areas  to  better  define  the  basin  boundary  (Albireo,  1984).  The  suite  of 
geophysical  surveys  included  resistivity,  gravity,  self-potential  (SP),  aeromagnetics  and  seismic 
refraction.  Data  from  the  gravity  and  seismic  surveys  are  illustrated  in  Figures  3.4  and  3.5. 

2 .  The  main  interpretations  from  these  surveys  were:  (1)  the  deep  alluvium  in  the  proposed 
well  field  area  should  be  productive;  and  (2)  there  appeared  to  be  a  significant  change  in 
subsurface  conditions  between  the  proposed  well  field  (main  basin  area)  and  the  mine  site  area 
(subbasin).  That  change  has  subsequently  been  defined  by  exploration  borehole  drilling,  and 
explains  how  the  site  area  is  separated  from  the  main  alluvial  basin. 

3 .  The  seismic  survey  data  also  provides  wave  velocities  for  the  various  materials,  which  can  be 
used  to  estimate  their  physical  properties.  The  seismic  velocities  were  on  the  order  of  2,000, 
7,000,  and  1 1,000  feet  per  second  (fps)  for  alluvium,  conglomerate,  and  basement  rock 
materials,  respectively. 


3.5.4  REEVALUATION  OF  THE  BASIN  LIMITS 

1 .     Results  of  the  pump  test  of  GF-1  provided  a  strong  indication  that  the  area  in  which  that  well 
was  located  was  capable  of  producing  the  large  quantities  of  water  required  for  the  Mesquite 
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Mine  project.  To  further  evaluate  the  basin  conditions  and  to  select  locations  for  proposed 
observation  wells  and  additional  production  wells,  re-evaluation  of  the  hydrology  of  the  Amos 
Basin  was  performed  by  Environmental  Solutions,  Inc.  This  supplementary  investigation  and 
evaluation  focused  mainly  on  storage  volume  and  recharge  of  the  basin  based  on  data  from  the 
prior  USGS  studies  (see  Section  3.2). 

2 .  Although  this  evaluation  showed  that  the  Amos  Basin  was  originally  defined  as  a  separate 
basin  by  the  California  Department  of  Public  Works,  Division  of  Water  Resources  (1952), 
its  limits  were  not  well  defined.  At  that  time,  separation  of  the  Amos  Basin  from  the  adjacent 
Ogilby  Basin  to  the  south  was  based  on  ground  water  usage  rather  than  on  geologic  or 
hydrologic  factors  (St.  Clair  Research  Systems,  1984c).  A  more  recent  designation 
(California  Department  of  Public  Works  Water  Resources,  1964)  incorporates  both  the  Amos 
and  Ogilby  Basins  into  one  combined,  600-square-mile  Amos/Ogilby  Hydrologic  Unit. 

3 .  Data  from  the  USGS  (1972  and  1975)  confirm  that  the  production  well  field  is  in  the 
combined  Amos/Ogilby  basins.  That  data  also  indicates  that  these  areas  probably  are  also 
hydraulically  continuous  with  the  East  Mesa  basin  (Figure  3.3).  This  larger  alluvial  area 
receives  recharge  primarily  from  the  Colorado  River  and  All  American  Canal,  at  a  rate  many 
times  greater  than  Fox's  estimate  of  about  3,500  acre-feet  per  year  (which  accounted  only  for 
rainfall  infiltration  at  the  Sand  Hills).  Also,  the  total  available  storage  is  much  larger  than 
Fox's  initial  conservative  estimate,  which  considered  only  the  Amos  Basin. 

4 .  Evaluations  of  the  impacts  of  water  extraction  for  the  proposed  landfill  discussed  in 
Section  5.2  consider  the  following  two  possible  basin  configurations: 

•  The  most  probable  configuration  which  includes  the  Amos/Ogilby  and 
East  Mesa  areas. 

•  The  minimum  potential  basin  by  considering  that  the  East  Mesa  area  is 
not  hydraulically  connected,  possibly  because  of  a  buried  fault  that  has 
been  postulated  in  the  Sand  Hills  area. 


3.5.5  COMPLETION  OF  THE  WELL  FIELD 

1 .     After  re -evaluation  of  the  available  data,  Gold  Fields'  well  field  was  developed  with  completion 
of  two  additional  production  wells  (GF-2  and  GF-3A)  and  three  observation  wells  (MGH-1, 
MGH-2  and  MGH-3)  near  the  previously  drilled  GF-1  (Figure  3.1).  Pumping  tests  of 
the  additional  production  wells  (Fox  1985b)  showed  similar  capacities  as  for  GF-1 
(e.g.,  1,900  gpm  for  GF-2),  further  confirming  the  high  yield  potential  of  the  main  alluvial 
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aquifer.  Fox  estimated  transmissivity  values  from  the  well  field  area  varying  from  about 
62,700  to  557,000  gpd/ft.  The  lowest  value  is  used  as  the  basis  for  conservatively  estimating 
drawdown  effects  at  the  well  field,  as  described  in  Section  6.2. 

2 .     Drilling  logs  of  the  additional  wells  in  the  production  well  field  (Appendix  D)  consistently 
indicated  the  existence  of  fine-grained  lenses  of  clayey  and  silty  material  in  the  350-  to 
700-foot  depth  range.  It  appears  that  this  condition  may  provide  some  degree  of  local 
confinement  above  the  producing  aquifer.  In  general,  however,  the  alluvial  basin  consists 
of  an  unconfined  aquifer. 


3.6     SERGENT,  HAUSKINS  &  BECKWITH  GEOTECHNICAL  INVESTIGATIONS 

1 .     Sergent,  Hauskins  &  Beckwith  (SHB,  1984a  and  1984b)  was  retained  by  Gold  Fields  to 

perform  two  investigations.  The  first  investigation  was  a  general  geotechnical  investigation 

for  the  Mesquite  Mine  site  which  included: 

Geologic  and  seismic  conditions  needed  to  establish  design  criteria. 

Evaluation  of  ground  water  conditions  as  they  might  affect  or  be  affected 

by  the  mining  and  process  facility. 

Laboratory  testing  of  alternative  liner  systems  for  the  mining  heap 

leach  pads. 

Calculation  of  rates  of  seepage  through  the  unsaturated  (vadose)  zone  in 

the  event  any  leakage  could  occur  during  the  anticipated  operating  period. 

In-place  permeability  tests  conducted  in  near-surface  materials. 

The  borings  drilled  by  SHB  for  this  activity  ranged  from  13  to  50  feet  in  depth  and  are  shown 
as  SHB  1-1  through  -17  in  Figure  3.2.  Test  pits  also  were  excavated  and  are  shown  as  TP-1 
through  -5.  The  pits  typically  hit  "refusal"  at  4  to  10  feet  of  depth. 

The  main  conclusions  from  the  SHB  investigations  pertinent  to  this  hydrogeologic 
investigation  were: 

•  Materials  encountered  in  borings  and  trenches  were  variably  cemented  and 
indurated  alluvium. 

•  Average  permeability  of  the  shallow  alluvial  materials  encountered 
was  about  6  x  10'4  cm/sec.  Test  results  indicated  permeability 
decreased  with  depth. 

•  Ground  water  under  the  leach  pad  area  is  about  200  to  300  feet  deep. 

•  Even  if  any  seepage  could  occur  through  the  liner,  ground  water  would 
not  be  threatened  because  1 15  to  580  years  of  continuous  leaching  would 
be  required  for  percolation  to  reach  ground  water  depth. 

•  Permeability  of  basement  rock  is  low,  estimated  to  be  less  than 
5  x  10-6  cm/sec. 
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•      Ground  water  in  the  basement  rock  is  minor  and  inflow  to  the  entire 

main  mine  pit  should  be  less  than  22  gpm,  (about  0.004  gpm/ft  of  mine 
length)  even  through  excavation  would  occur  to  a  depth  of  about  200  feet 
below  the  original  water  table. 

4.  The  second  SHB  (1984b)  investigation  was  conducted  primarily  to  gain  information  relative 
to  mining  and  process  structures.  This  program  included  the  borings  shown  as  SHB2-1 
through  -19  in  Figure  3.2.  The  depth  of  these  borings  ranged  from  12  to  80  feet. 

5 .  One  deeper  boring  (SHB-20B)  was  also  drilled  to  a  depth  of  422  feet  in  the  heap  leach  pad 
area.  That  boring  was  drilled  using  a  reverse  air  rotary  drilling  rig  which  did  not  permit 
collection  of  "undisturbed"  samples.  The  material  for  the  entire  depth  was  interpreted  to  be 
highly  stratified,  variably  cemented  alluvium.  As  discussed  in  Section  3.7,  it  is  now  known 
that  the  majority  of  the  SHB-20B  boring  actually  encountered  the  Bear  Canyon  Conglomerate. 

6 .  The  major  conclusions  from  the  deep  boring  were  that  basement  rock  at  that  location  is  deeper 
than  422  feet  and  ground  water  was  encountered  at  a  depth  of  3 10  feet.  Also,  the  material 
from  the  surface  to  ground  water  included  clayey  zones  which  would  retard  downward 
movement  of  fluids  and  cause  horizontal  "spreading"  of  any  percolation  which  might  occur. 


3.7     REEVALUATION  OF  EXISTING  SUBSURFACE  DATA 

1 .  Small  outcrops  of  material  classified  as  variably  cemented  alluvium  were  found  to  be  extensive 
as  they  were  exposed  in  excavations  during  the  construction  phase  of  the  Mesquite  Mine 
project.  In  light  of  these  exposures,  the  existing  subsurface  data  regarding  the  thickness 

of  alluvium  in  the  site  area  were  re-evaluated  by  Environmental  Solutions,  Inc.  in  1985. 
This  evaluation  included:  a  more  accurate  mapping  of  the  top  surface  of  the  basement  rock, 
including  the  buried  basement  high  areas  to  the  west  and  southwest  of  the  leach  pad  area;  and 
the  occurrence  of  the  Bear  Canyon  Conglomerate  which  was  mapped  at  a  number  of  exposed 
hills  in  the  area  by  Dillon  (1975). 

2.  The  previously  identified  basement  highs  mapped  as  shown  in  Figure  3.6,  based  primarily  on 
mine  exploration  boring  data  throughout  the  area,  supported  previously  discussed  geophysical 
information.  Review  of  the  existing  exploration  boring  data  also  involved  compilation  of 
ground  water  elevations  observed  during  drilling  as  discussed  in  Section  3.4.  Selected 
ground  water  level  data  is  summarized  in  Appendix  E. 
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3 .  The  reevaluation  showed  that  the  Bear  Canyon  Conglomerate  bedrock  should  be  expected  to 
occur  at  shallow  depths  throughout  the  mining  heap  leach  pad  (and  the  proposed  landfill)  area. 
This  formation  had  been  misidentified  as  alluvium  in  prior  drilling  which  used  air  rotary 
methods  that  broke  up  the  conglomerate  cementation  prior  to  sample  recovery.  To  verify 
existence  of  the  conglomerate,  the  continuously  cored  Boring  ESI-1  was  drilled  by 
Environmental  Solutions,  Inc.  at  the  southern  end  of  the  leach  pad  area  and  at  the  southwest 
corner  of  the  proposed  location  of  the  Mesquite  Regional  Landfill  (see  Figures  2.1,  2.2, 

and  3.2).  The  conglomerate  was  determined  to  be  present  from  a  depth  of  12  feet  to  the 
total  extent  of  the  boring  at  250  feet.  The  log  for  this  boring  is  provided  in  Appendix  F. 

4.  Approximately  97  percent  core  recovery  was  achieved  to  the  total  depth  of  ESI-1,  and  the 
minimum  recovery  for  any  5-foot  core  barrel  in  the  conglomerate  was  equal  to  or  exceeded 
90  percent.  Other  characteristics  of  the  conglomerate  determined  from  observations  at  the 
core  were: 

•  The  conglomerate  contains  few  fractures. 

•  Approximately  50  percent  of  the  cores  were  logged  to  have  a  silt  or  clay 
matrix,  indicating  low  permeability  conditions. 

•  Conglomerate  is  dense,  well  consolidated. 

5 .  To  further  document  permeability  results,  packer  testing  was  also  performed  on  ESI- 1 .  The 
results  of  the  packer  tests  are  summarized  in  Table  3.2.  For  the  shallowest  depths,  the 
pressure  used  exceeded  the  overburden  weight  of  the  formation  and  some  hydrofracturing 
may  have  occurred. 

6.  The  three  tests  conducted  with  pressure  below  geostatic  conditions  were  56  to  61,  80  to  85, 
and  98.5  to  103.5  foot  depths.  The  calculated  horizontal  permeability  for  the  first  two  depths 
is  about  3  x  10~5  and  2  x  10~6  cm/sec,  respectively.  No  measurable  flow  occurred  at  the 
98.5  foot  depth  indicating  a  much  lower  permeability  (e.g.,  less  than  10"7  cm/sec).  This 
tendency  for  decreasing  permeability  with  depth  is  common  for  rock  as  the  effects  of 
weathering  and  microfracturing  decrease  with  distance  below  the  ground  surface. 

7 .  A  final  point  regarding  the  permeability  is  that  packer  testing  primarily  provides  a  measurement 
of  horizontal  permeability.  In  a  stratified  geologic  environment  such  as  the  conglomerate,  the 
vertical  permeability  is  normally  much  less  than  horizontal  permeability. 
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3.8    MESQUITE  MINE  LEACH  PAD  MONITORING  WELLS 

1 .  Six  monitoring  wells  at  the  Mesquite  Mine  site  have  been  drilled  specifically  for  ground  water 
monitoring.  GW-1,  -2,  -3,  -5  and  -6  are  located  hydraulically  downgradient  of  leach  pads  and 
solution  ponds.  GW-4  is  located  upgradient  of  the  leach  pad  area.  Conditions  at  each  of  these 
wells  are  discussed  below  and  lithological  logs  are  provided  in  Appendix  F. 

2 .  Total  depth  of  GW-1  was  430  feet,  and  ground  water  stabilized  at  a  depth  of  about  310  feet. 
The  drilling  log  indicates  that  about  30  feet  of  alluvium  was  penetrated,  followed  by  about 

70  feet  of  Bear  Canyon  Conglomerate.  Basement  rock  was  encountered  at  a  depth  of  100  feet. 

3 .  Both  GW-2  and  GW-3  were  drilled  to  a  depth  of  310  feet.  Drilling  logs  indicate  Bear 
Canyon  Conglomerate  was  present  to  the  total  depth  of  both  wells  and  was  overlain  by  only 
a  thin  veneer  of  alluvium  (about  10  feet  thick).  Water  levels  in  GW-2  and  -3  stabilized  at 
depths  of  about  268  and  213,  respectively. 

4 .  GW-4  is  located  nearer  the  mine  pit  area  where  basement  rock  is  shallower.  During  drilling, 
conglomerate  was  encountered  at  about  10  feet.  Basement  rock  and  ground  water  were 
encountered  at  35  and  221  feet,  respectively.  Total  depth  of  GW-4  is  320  feet. 

5 .  Well  GW-5  was  drilled  to  a  depth  of  361  feet  and  ground  water  stabilized  at  277  feet.  The 
drilling  log  shows  that  a  20-foot  section  of  alluvium  was  encountered,  overlying  341  feet 
of  conglomerate.  Well  GW-6  is  located  downgradient  of  the  Vista  heap  leach  pad  and  was 
drilled  to  400  feet.  Ground  water  stabilized  at  250  feet.  The  drilling  logs  show  that  20  feet 
of  alluvium  overlies  380  feet  of  conglomerate. 

6.  GW-1,  -2,  and  -3  were  developed  by  air  lift  pumping.  GW-1  and  -3  appeared  to  produce  a 
visually  estimated  15  gpm  and  10  gpm,  respectively,  although  it  was  not  anticipated  that  these 
yields  could  be  sustained  for  an  extended  period.  (Note:  Section  3.9.5  describes  a  pumping 
test  conducted  on  GW- 1  to  better  quantify  the  yield  potential  and  hydraulic  characteristics  of 
fractured  portions  of  the  basement  rock.)  Well  GW-2  was  air  lifted  dry  within  a  few  minutes. 
Well  GW-4  was  developed  by  bailing  and  swabbing,  followed  by  pumping.  Well  GW-4 
produced  2  gpm  with  28  feet  of  drawdown.  When  pumped  at  12  gpm,  total  drawdown 
occurred  in  six  minutes. 
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7.     Well  GW-5  was  developed  by  bailing  and  swabbing,  following  by  pumping.  Pumping  at 
2  to  3  gpm  caused  total  drawdown  in  about  7  minutes.  Well  GW-6  was  developed  by  air 
pumping.  A  discharge  of  1  to  2  gpm  caused  50  feet  of  drawdown  after  5.5  hours. 


3.9  ADDITIONAL  LANDFILL  MONITORING  WELLS  AND  RELATED 
TEST  RESULTS 

3.9.1   GENERAL 

1 .     Between  October  1992  and  January  1993  additional  monitoring  wells  LGW-1  and  -2 

(Figure  3.2)  were  installed  at  the  northwest  and  southwest  corners  of  the  proposed  landfill 
area.  These  locations  supplement  the  upgradient  and  downgradient  coverage  provided  by  the 
already  existing  mine-related  monitoring  wells  GW-1  to  GW-6.  This  program  also  included 
the  following  activities: 

•  Drilling  of  continuously  cored  borehole  ESI-2  adjacent  to  the  southwest 
comer  landfill  monitoring  well  LSW-1.  ESI-2  was  drilled  to  further 
define  the  competency  and  fracturing  characteristics  of  the  Bear  Canyon 
Conglomerate  and  the  basement  rock  in  the  vadose  zone. 

•  Conduction  of  packer  and  falling  head  permeability  tests  at  1 1  depths 
(from  about  10  to  336.5  feet  deep)  in  the  ESI-2  boring  to  evaluate 
permeabilities  of  the  two  rock  types. 

•  Conduction  of  a  pump  test  in  existing  monitoring  well  GW-1  to  provide 
information  about  the  hydraulic  conductivity  of  the  basement  rock  in  a 
zone  which  has  sufficient  fracturing  to  produce  small  amounts  of 
ground  water. 

The  boring  and  monitoring  well  descriptions  are  provided  in  the  following  sections: 

•  3.9.2  -  Boring  ESI-2,  including  permeability  testing 

•  3.9.3  -  Landfill  Monitoring  Well  LGW-1 

•  3.9.4  -  Landfill  Monitoring  Well  LGW-2 
3.9.5  -  GW-1  Pumping  Test  Results 


3.9.2  BORING  ESI-2 

1 .     Boring  ESI-2  was  drilled  using  the  bentonite  mud  rotary  drilling  method  to  a  depth  of  354  feet, 
near  the  southwest  landfill  corner.  This  depth  was  estimated  to  be  the  approximate  depth  to 
ground  water  in  that  area.  The  purposes  for  the  boring  were  to  obtain  continuous  core  samples 
to  evaluate  rock  characteristics  and  to  perform  in-hole  packer  tests  to  measure  hydraulic 
properties  of  the  vadose  zone  materials.  The  log  for  Boring  ESI-2  is  provided  in  Appendix  F. 
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2.  As  with  Boring  ESI-1  (Section  3.7),  nearly  100  percent  core  recovery  was  achieved  for  both 
the  63  feet  of  Bear  Canyon  Conglomerate  and  279  feet  of  basement  rock  penetrated. 
Important  characteristics  of  the  cored  boring  are: 

•  The  conglomerate: 

Is  well  consolidated  and  variable  indurated,  but  is  sufficiently 
cemented  to  allow  for  very  high  recovery. 

Contains  very  few  fractures. 

Includes  numerous  zones  where  the  gravel  matrix  consists  of  silts  or 
clays,  which  would  make  the  vertical  permeability  low  in  comparison 
with  the  horizontal  flow  potential. 

•  The  basement  rock: 

Is  a  competent  rock  mass. 

Generally  has  mineralization  or  clay  filling  of  fractures. 

3 .  A  series  of  packer  tests  were  conducted  in  Boring  ESI-2  to  evaluate  permeability  of  the 
conglomerate  and  basement  rock,  as  summarized  in  Table  3.3.  The  top  packer  test  spanned 
the  contact  of  the  alluvium  and  conglomerate,  and  showed  a  low  permeability  of  about 

2  x  10"6  cm/sec.  Three  additional  tests  in  the  conglomerate  show  permeabilities  of 
7  x  10  6  cm/sec  at  14  to  19  feet,  less  than  8  x  10'7  cm/sec  at  39  to  44  feet,  and  less  than 
5  x  10"7  at  69  to  74  feet.  Three  packer  tests  in  the  basement  rock  had  no  measurable  flow, 
indicating  a  permeability  below  5  x  10-7  cm/sec. 

4 .  To  further  evaluate  conditions  in  the  basement  rock,  four  falling  head  permeability  tests  (see 
Table  3.4)  were  conducted  by  placing  water  into  the  bottom  of  the  hole  and  measuring  its  rate 
of  fall.  This  test  has  an  advantage  over  the  packer  test  because  a  greater  length  of  the  boring  is 
exposed  to  potential  flow.  As  shown  in  Table  3.4,  the  falling  head  tests  consistently  indicated 
a  very  low  horizontal  permeability,  on  the  order  of  10~8  cm/sec. 


3.9.3  LANDFILL  MONITORING  WELL  LGW-1 

1 .     Two  holes  drilled  23  feet  apart,  using  air  rotary  techniques,  were  required  to  locate  sufficient 
ground  water  to  install  a  monitoring  well  at  the  southwest  landfill  corner.  The  first  8.5-inch 
diameter  hole  was  drilled  to  a  depth  of  540  feet  without  encountering  measurable  water,  which 
was  expected  to  occur  at  about  350  feet  below  the  ground  surface.  This  initial  hole  was  left 
open  for  two  days  without  a  measurable  accumulation  of  water.  The  hole  was  then  reamed 
to  a  diameter  of  10  inches  and  a  casing  was  set  to  act  as  a  monitoring  well  in  the  event  water 
were  to  accumulate  over  time.  During  completion,  however,  a  tremmie  pipe  became  stuck  in 
the  hole  and  the  hole  was  abandoned  by  grouting. 
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2 .  The  second  hole  was  drilled  nearby  to  allow  completion  of  the  desired  long-term  monitoring 
well.  Foam  was  used  to  assist  cutting  removal  in  this  hole  due  to  the  large  annulus  of  the  drill 
string.  Unlike  the  first  hole,  water  was  encountered  at  this  new  location.  The  depth  of  water 
first  observed  during  drilling  was  at  430  feet.  A  static  water  level  depth  of  360  feet  was 
measured  after  completing  the  hole  to  540  feet. 

3 .  The  second  hole  was  completed  as  Monitoring  Well  LGW- 1  in  the  southwest  corner  of  the 
landfill  as  shown  in  Figure  3.2.  This  well  will  serve  as  a  downgradient  monitoring  well  for 
the  initial  landfill  cell  which  is  planned  to  be  at  the  southwest  corner  of  the  facility.  The 
lithologic  log  and  completion  details  for  Monitoring  Well  LGW-1  are  shown  in  Appendix  F. 

4 .  The  observation  of  no  water  at  the  first  hole  and  small  but  measurable  flow  from  the  second, 
only  23  feet  away,  reflects  the  characteristic  of  flow  conditions  which  exist  within  the 
basement  rock.  At  unfractured  portions  of  the  rock,  the  hydraulic  conductivity  is  extremely 
small  and  the  rock  is  essentially  nonwater  bearing.  Minor  flow  is  possible,  however,  at  zones 
where  fractures  are  not  completely  filled  with  clay  or  secondary  mineralization. 


3.9.4  LANDFILL  MONITORING  WELL  LGW-2 

1 .  The  lithologic  log  and  completion  details  for  an  additional  monitoring  well  (LGW-2)  at  the 
northwest  landfill  corner  are  shown  in  Appendix  F.  This  air  rotary  hole  was  drilled  into  the 
Bear  Canyon  Conglomerate  to  a  total  depth  of  190  feet.  During  drilling,  ground  water  was 
first  observed  at  a  depth  of  about  140  feet,  in  comparison  with  the  expected  depth  on  the  order 
of  115  to  130  feet. 

2.  After  completion,  the  depth  to  water  in  the  monitoring  well  was  measured  to  be  141.3  feet  on 
November  5,  1992,  from  the  top  of  casing.  This  corresponds  to  a  water  level  elevation  of 
about  390  feet  above  sea  level. 


3.9.5  GW-1  PUMPING  TEST  RESULTS 

1 .     To  further  evaluate  the  hydraulic  properties  of  fractured  portions  of  the  basement  rock,  a 
pumping  test  was  performed  at  existing  monitoring  well  GW-1.  This  monitoring  well  is 
completed  in  a  zone  of  basement  rock  with  sufficient  open  fracturing  to  allow  for  the  presence 
of  some  ground  water.  The  results  of  the  pumping  test  are  provided  in  Appendix  G.  The 
pumping  test  data  indicate  a  permeability  of  about  5  x  10-5  cm/sec  for  long-term  pumping 
conditions  at  this  location. 
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3.10  GROUND  WATER  CHEMISTRY  EVALUATIONS 

1 .  Tables  3.5  and  3.6  summarize  chemistry  data  for  wells  in  the  main  alluvial  valley  and  the 
subbasin  area,  respectively.  Ground  water  in  both  of  these  areas  is  generally  unsuitable  for 
drinking  or  irrigation  purposes  without  treatment.  Reverse  osmosis  treatment  is  used  at  the 
Gold  Fields  Mine  for  potable  water. 

2 .  The  water  quality  of  the  private  Glamis  and  Boardman  wells  in  the  alluvial  valley  is  of 
particularly  poor  quality  with  very  large  concentrations  of  Total  Dissolved  Solids  (TDS)  and 
chloride.  This  characteristic  is  probably  due  to  the  effects  of  geothermal  water  which  occurs 
in  the  vicinity.  Dutcher  (1972)  shows  a  known  geothermal  anomaly  to  occur  at  Glamis. 

3 .  Section  5.5  describes  an  additional  program  being  initiated  to  provide  background  chemistry 
data  for  additional  parameters  specifically  associated  with  development  of  the  proposed 
landfill.  These  background  analyses  will  include  sampling  of  Monitoring  Wells  GW-1,  -2 
and  -4,  and  LGW-1  and  -2.  Based  on  ground  water  contours  described  in  Section  5.2.2, 
three  of  these  wells  (GW-1,  -2,  and  LGW-1  in  Figure  3.2)  are  downgradient  from  the 
proposed  landfill.  GW-4  is  upgradient,  while  LGW-2  is  crossgradient  at  the  northwestern 
corner  of  the  proposed  landfill. 


3.11     OTHER  CURRENT  INVESTIGATIONS 

1 .     James  M.  Montgomery  (JMM)  is  presently  conducting  a  county-wide  ground  water  study  to 
assist  Imperial  County  and  the  Imperial  Irrigation  District  (IID)  for  future  water  resources 
planning.  JMM  was  requested  by  the  County  to  comment  on  an  initial  draft  of  this  report  and 
the  water  resource  sections  of  the  Mesquite  Regional  Landfill  EIS/EIR.  Additional  analyses 
in  response  to  JMM's  comments  are  incorporated  in  this  technical  report  and  the  appropriate 
sections  of  the  EIS/EIR.  As  noted  by  JMM,  it  is  anticipated  that  results  of  their  investigations 
will  be  useful  for  estimating  the  potential  impacts  of  future  ground  water  programs  in  the  area. 
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4.0     CLIMATIC  CONDITIONS 

1 .  The  proposed  Mesquite  Regional  Landfill  site  is  in  the  low  California  desert.  Temperatures 
range  from  a  high  of  about  108°  F  in  July  to  a  low  of  about  40°  F  in  January. 

2.  Table  4.1  summarizes  rainfall  data  for  three  nearby  U.S.  Weather  Bureau  stations  (El  Centro, 
Blythe)  for  the  1980  to  1991  period,  and  for  Yuma  for  the  period  1980  to  1992.  The  table 
also  includes  data  from  a  weather  station  at  the  Mesquite  Mine  for  1983  to  1987.  Average 
rainfall  in  the  site  area  is  approximately  3  to  4  inches,  and  usually  varies  from  about  1  to 

7  inches. 

3 .  The  evaporation  rate  in  the  site  area  is  estimated  to  be  about  100  inches  per  year  (SHB,  1984a). 
The  resulting  large  evaporation  to  rainfall  ratio  results  in  a  condition  where  infiltration  of 
precipitation  to  recharge  ground  water  does  not  generally  occur.  This  condition  was  verified 
by  measurements  of  soil  moisture  content  from  borings  in  the  site  area  (SHB,  1984a). 

That  data  showed  that  the  existing  soil  moisture  content  is  below  the  field  moisture  capacity. 
This  condition  indicates  that  there  presently  is  no  downward  migration  of  water  in  the 
vadose  zone. 

4 .  It  is  anticipated  that  this  high  evaporation  to  rainfall  ratio  would  also  result  in  a  net  moisture 
extraction  condition  at  the  landfill.  Therefore,  no  leachate  is  expected  to  be  collected  once 
the  LCRS  (Figure  2.6)  is  covered  with  the  first  10-  to  20-foot  lift  of  MSW  residue  and  daily 
cover.  The  only  exception  might  occur  if  the  waste  moisture  content  is  conditioned  by  water 
addition  to  enhance  trash  degradation  and  energy  recovery.  In  that  case,  special  liner,  LCRS 
and/or  monitoring  systems  would  be  provided  to  assure  collection  without  the  potential  for 
migration  to  the  otherwise  dry  vadose  zone. 
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5.0    HYDROGEOLOGIC  CHARACTERISTICS 

5.1     INTRODUCTION 

1 .     This  chapter  describes  the  hydrogeologic  conditions  which  would  determine  the  potential 
ground  water  effects  of  operating  the  proposed  Mesquite  Regional  Landfill.  The  descriptions 
are  subdivided  to  specifically  address  conditions  in  the  Amos/Ogilby  and  East  Mesa  ground 
water  basins,  and  the  small  subbasin  beneath  the  proposed  landfill  site.  The  discussion  is 
subdivided  into  the  following  sections: 

•  5.2  -  Ground  Water  Occurrence 

5.2.1  -  Amos/Ogilby  and  East  Mesa  Basins 

5.2.2  -  Site  Subbasin  Area 

•  5.3  -  Ground  Water  Usage 

5.3.1  -  Amos/Ogilby  and  East  Mesa  Basins 

5.3.2  -  Site  Subbasin  Area 

•  5.4  -  Aquifer  Characteristics 

5.4.1  -  Amos/Ogilby  and  East  Mesa  Basins 

5.4.2  -  Site  Subbasin  Area 

•  5.5  -  Ground  Water  Quality 


5.2    GROUND  WATER  OCCURRENCE 

5.2.1  AMOS/OGILBY  AND  EAST  MESA  BASINS 

1 .  The  hydrogeologic  unit  tapped  by  the  existing  Mesquite  Mine  well  field  (and  proposed  landfill 
well  field),  shown  in  Figure  3.3  is  believed  to  include  the  Amos/Ogilby  and  East  Mesa 
hydrogeologic  areas.  The  overall  size  of  this  area  is  about  860  square  miles  within  Imperial 
County,  although  the  pervious  alluvium  containing  the  stored  ground  water  extends  for 
hundreds  of  additional  square  miles  southward  into  Mexico.  The  western  edge  of  the 
combined  area  is  formed  by  much  finer-grained  sediments  in  the  agricultural  portion  of 
Imperial  County. 

2 .  As  a  most  conservative  assumption,  it  could  be  hypothesized  that  there  is  not  strong  hydraulic 
communication  between  the  Amos/Ogilby  and  East  Mesa  areas.  For  this  unanticipated  case, 
the  size  of  the  alluvial  basin  which  includes  the  Mesquite  Mine  well  field  would  be  about 
300  square  miles.  Evaluation  of  the  effects  of  this  conservative  assumption  is  discussed  at 
the  end  of  this  section. 

3 .  The  thickness  of  the  pervious  alluvium  in  the  combined  Amos/Ogilby  and  East  Mesa  areas 
varies  from  east  to  west,  extending  to  maximum  depth  of  10,000  feet  (Appendix  B.l, 
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excerpts  from  USGS,  Dutcher,  1972).  The  total  amount  of  water  stored  within  this  alluvium 
is  estimated  to  be  about  470,000,000  acre-feet  (Table  3  in  Appendix  B.l)  although  much  of 
the  deeper  portions  of  this  water  has  high  temperature  and  total  dissolved  solids  (TDS) 
conditions.  The  stored  water  to  a  depth  of  3,000  feet  (where  temperatures  are  consistently 
below  100°  F  and  TDS  values  are  lower)  in  the  combined  basins  is  estimated  by  the  USGS 
to  be  about  229,000,000  acre-feet  (Table  4  in  Appendix  B.l). 

4 .  Local  runoff  and  surface  water  infiltration  recharge  to  the  large  alluvial  basin  is  small. 
Infiltration  for  most  of  the  area  is  essentially  zero  because  of  the  high  evaporation  to  rainfall 
ratio,  and  nearly  complete  utilization  of  precipitation  by  plants  in  the  vegetated  portions  of  the 
area.  Very  minor  amounts  of  recharge  may  occur  along  the  mountain  slopes,  estimated  to  be 
on  the  order  of  only  tens  of  acre-feet  per  year  per  mile,  based  on  ground  water  flows  at 

the  deepest  existing  Mesquite  Mine  pit  (see  Section  5.2.2).  The  maximum  locally-derived 
recharge  may  occur  at  the  Sand  Hills  where  precipitation  can  infiltrate  rapidly  into  the  pervious 
surface  materials.  Fox  (1984b)  estimates  that  recharge  at  the  Sand  Hills  may  be  on  the  order 
of  3,500  acre-feet  per  year. 

5 .  Prior  to  construction  at  the  All  American  and  Coachella  canals,  the  basin  was  recharged 
primarily  by  the  Colorado  River,  mostly  as  underflow  between  the  Cargo  Muchacho 
Mountains  and  Pilot  Knob  (Figure  3.3).  The  current  magnitude  of  this  recharge  source,  based 
on:  (1)  estimates  of  hydraulic  properties  of  the  alluvium  (Section  5.4.1);  (2)  the  regional 
hydraulic  gradient;  and  (3)  the  width  of  the  flow  path;  is  estimated  to  be  on  the  order  of 
20,000  acre-feet  per  year.  Ground  water  contours  indicate  that  additional  Colorado  River 
recharge  also  occurs  to  the  south,  into  the  Mexican  portion  of  the  alluvial  basin. 

6 .  The  largest  sources  of  recharge  to  the  area  have  occurred  as  leakage  from  canals.  The  USGS 
(Loeltz,  1975)  estimates  that  in  the  late  1960s,  leakage  from  the  All  American  and  Coachella 
Canals  was  about  100,000  and  130,000  acre-feet  per  year,  respectively.  The  Coachella  Canal 
was  subsequently  lined  in  the  early  1980s  so  that  currently  recharge  is  mostly  from  the  All 
American  Canal. 

7 .  Considering  all  sources,  the  estimated  amount  of  recharge  to  the  Amos/Ogilby  and  East  Mesa 
areas  is  on  the  order  of  100,000  acre-feet  per  year. 
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For  the  conservative  scenario  that  the  Amos/Ogilby  and  East  Mesa  areas  are  not  hydraulically 
connected,  both  the  available  storage  and  recharge  estimates  would  be  lower.  For  this  case, 
the  estimated  values  are  approximately: 

•  Storage  =  126,000,000  acre-feet. 

•  Recharge  =  50,000  acre-feet  per  year. 

The  recharge  estimate  is  based  on  comparison  of:  (1)  the  portion  of  the  canal  in  each  area 
from  Figure  13  in  Appendix  B-l ;  and  (2)  the  relative  proportion  of  Colorado  River  derived 
water  estimated  for  the  two  areas  by  the  USGS  (Table  4  of  Appendix  B-l). 


5.2.2  SITE  SUBBASIN  AREA 

1 .  Ground  water  within  the  subbasin  beneath  the  proposed  landfill  site  is  within  lower 
permeability  conglomerate  bedrock  and  basement  rock  (see  Section  5.4.2).  Pump  testing  of 
a  number  of  wells  constructed  for  the  Mesquite  Mine  project  in  the  early  1980s  showed  that 
production  from  individual  wells  in  the  subbasin  would  generally  be  less  than  10  gpm. 

2.  Figures  5.1  shows  a  cross  section  through  the  subbasin  and  alluvial  basin,  and  Figure  5.2 
shows  the  estimated  depth  to  ground  water  at  existing  wells  and  exploration  borings  in  the 
subbasin  (see  Appendix  E).  The  depth  of  water  beneath  the  proposed  landfill  area  varies  from 
about  140  feet  at  the  northwest  corner  to  more  than  300  feet  in  the  south-central  portion  of  the 
landfill.  Exact  depths  are  available  for  each  well  in  the  area  and  at  exploration  holes  where 
water  level  soundings  were  taken.  Approximate  data  is  also  available  from  logged  exploration 
holes,  where  the  driller  indicated  that  ground  water  may  have  been  encountered.  The  depths 
to  water  shown  as  400  feet  in  Figure  5.2  are  exploration  borings  where  no  apparent  water 
was  observed  during  drilling  of  unfractured  portions  of  the  low  permeability  basement  rock. 
Ground  water  quantities  in  these  areas  of  the  basement  rock  are  very  small. 

3 .  The  depths  shown  compare  very  favorably  with  regard  to  the  5-foot  minimum  separation 
requirement  between  the  MSW  residue  and  ground  water  in  California  Code  of  Regulations 
(CCR)  Title  23,  Chapter  15.  Variations  in  the  depths  shown  are  expected  to  be  very  small 
because  of  the  lack  of  local  infiltration.  For  example,  nearly  10  years  of  level  data  for  the 
Mesquite  Mine  Monitoring  Wells  (GW-1  to  -6)  have  shown  level  fluctuations  of  less  than 
2  feet,  most  of  which  probably  is  associated  with  measurement  accuracies.  Generally,  the 
change  in  depth  has  been  within  tenths  of  a  foot,  including  the  drought  of  the  late  1980s,  and 
the  September  to  May  1 992  period  when  rainfall  was  more  than  twice  the  average  year. 
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4.  Figure  5.3  shows  ground  water  contours,  estimated  from  the  depth  information  shown  in 
Figure  5.2.  The  general  ground  water  gradient  within  the  subbasin  is  in  the  northeast  to 
southwest  direction,  which  corresponds  to  the  surface  slope  of  the  Chocolate  Mountains 
toward  the  alluvial  basin.  General  flow  is  in  the  direction  of  the  gradient,  from  northeast  to 
southwest.  As  illustrated  in  Figure  5.3,  the  gradient  through  the  site  area  is  very  consistent. 
None  of  the  many  data  points  indicate  anomalous  flow  conditions. 

5 .  Recharge  to  the  subbasin  is  expected  to  occur  only  at  higher  elevations  on  the  Chocolate 
Mountain  slopes  where  basement  rock  is  exposed.  The  amount  of  recharge  is  very  small 
in  comparison  with  that  which  occurs  in  the  main  Amos/Ogilby  alluvial  aquifer.  Using 

the  unit  seepage  rate  of  0.004  gpm  per  foot  into  the  mine  pit  estimated  by  SHB  (1984(a)(b), 
and  Section  3.6),  the  total  ground  water  flow  across  the  landfill  site  would  be  on  the  order  of 
50  to  100  gpm.  This  represents  a  minute  percentage  of  the  water  stored  and  recharged  to 
the  Amos/Ogilby  alluvial  basin. 


5.3     GROUND  WATER  USAGE 

5.3.1  AMOS/OGILBY  AND  EAST  MESA  BASINS 

1 .  Because  of  the  availability  of  surface  water  from  irrigation  canals  and  the  low  density  land 
use  in  eastern  Imperial  County,  relatively  little  ground  water  is  used.  Figure  3.1  shows  the 
location  of  wells  in  the  area  known  to  be  in  use.  Table  3. 1  summarizes  the  estimated  existing 
yield  for  those  which  are  used  for  water  supplies. 

2 .  Ground  water  is  also  extracted  from  the  portion  of  the  alluvium  aquifer  in  Mexico,  especially 
for  agricultural  purposes.  Although  precise  information  concerning  this  use  is  not  known,  it 
is  estimated  that  the  net  extraction  rate  (extraction  minus  recharge)  could  be  on  the  order  of 

1 80,000  acre-feet  per  year.  The  portion  of  this  agricultural  water  which  reinfiltrates  back  to 
ground  water  is  not  known. 


5.3.2  SITE  SUBBASIN  AREA 

1 .     There  currently  are  no  existing  or  planned  ground  water  supply  wells  within  the  subbasin 
area.  It  is  unlikely  that  future  wells  would  be  installed  in  this  area  because  of  the  limited 
amount  of  available  water,  low  yield  potential,  restrictions  on  potential  land  uses,  and  poor 
natural  water  quality  with  respect  to  drinking  standards.  If  a  future  industrial  use  were  to 
occur  (such  as  the  proposed  landfill),  the  water  supply  would  have  to  be  obtained  from  wells 
installed  in  the  deep  alluvium  to  the  south. 
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Some  dewatering  pumping  does  occur  in  the  mine  pits  as  they  are  excavated  below  the  original 
ground  water  surface.  The  water  is  used  for  dust  control  at  the  mine.  SHB  (1984a)  estimates 
long-term  inflow  when  the  Big  Chief  Pit  reaches  its  maximum  depth  will  be  approximately 
22  gpm.  This  inflow,  after  mining  is  completed  and  the  surrounding  ground  water  reaches 
equilibrium,  is  expected  to  evaporate.  Observations  in  the  pit  indicate  that  the  inflow  observed 
occurs  along  fractures  in  the  basement  rock.  Wide  zones  between  fractures  do  appear  to 
produce  measurable  flow. 


5.4     AQUIFER  CHARACTERISTICS 

5.4.1  AMOS/OGILBY  AND  EAST  MESA  BASINS 

1 .  Pump  test  data  reported  by  the  USGS  (Loeltz,  1975,  included  as  Table  1  in  Appendix  B.2) 
show  that  transmissivities  in  the  alluvial  basin  are  generally  high,  ranging  from  220,000  to 
880,000.  Values  as  high  as  880,000  gpd/ft  were  determined  for  a  well  near  the  southeast 
corner  of  Imperial  County  in  Sec.  31,  TI6S,  R20E.  The  transmissivities  generally  tend  to 
decrease  in  the  west  and  north  directions.  For  example: 

•  Pump  test  results  for  Gold  Fields'  production  wells  indicate  transmissivity 
values  in  the  range  of  62,700  to  557,000  gpd/ft  (Fox,  1985b). 

•  A  Southern  Pacific  Company  well  located  near  the  north  end  of  the  sand 
dunes,  used  to  irrigate  trees  which  provide  a  windbreak  along  their  tracks, 
shows  a  transmissivity  between  about  47,000  and  62,000  gpd/ft. 

An  explanation  for  this  trend  is  that  the  alluvium  toward  the  southeast  is  derived  primarily 
from  the  Colorado  River  and,  therefore,  is  more  granular.  The  alluvium  closer  to  the 
Chocolate  Mountains  contains  more  locally  derived,  finer-grained  materials.  High  yields 
can  be  expected  from  wells  throughout  the  basin,  however.  For  example,  each  of  the  three 
Gold  Fields'  wells  have  capacities  which  exceed  1 ,900  gpm. 

2.  The  hydraulic  conductivities  corresponding  to  the  tests  conducted  by  USGS  (Loeltz,  1975), 
range  from  about  10-  to  100- foot  per  day  (3  x  10"3  to  3  x  10'2  cm/sec)  for  the  alluvium. 
Tests  at  Gold  Fields'  supply  wells  indicate  a  hydraulic  conductivity  on  the  order  of 

10-2  cm/sec  (250  gpd/ft2)  as  estimated  by  Fox  (1985a). 

3 .  The  USGS  (Loeltz,  1975)  estimates  that  the  storage  coefficient  for  gravels  in  the  alluvial  basin 
can  be  as  high  as  0.2  to  0.4.  Relatively  short  pumping  tests  (e.g.,  96  hours)  performed  at 
Gold  Fields'  production  Well  No.  GF-3  indicated  a  storage  coefficient  as  low  as  about  0.005, 
however.  This  value  may  indicate  a  partially  confined  condition,  reflective  of  the  fine  granular 
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layers  observed  between  the  depths  of  350  to  700  feet  in  the  production  wells.  This  condition  is 
expected  to  be  fairly  local  and  not  reflective  of  long-term  aquifer  performance.  Instead,  a  storage 
coefficient  of  0.1  is  considered  for  drawdown  predictions  described  in  Section  6.2. 


5.4.2  SITE  SUBBASIN  AREA 

1 .  Packer  tests  conducted  in  the  Bear  Canyon  Conglomerate  in  Borings  ESI-1  and  -2  show  a 
permeability  varying  from  as  high  as  about  0.1  ft/day  (3xl0~5  cm/sec)  at  shallow  depths  to 
less  than  0.0003  ft/day  (10"7  cm/sec  at  a  depth  of  98.5  feet)  (Section  3.7).  This  characteristic 
of  decreased  permeability  is  common  because  effects  of  weakening  and  stress  relief  diminish 
with  depth. 

2 .  Packer  and  falling  head  tests  in  the  unfractured  portion  of  basement  rock  indicates  very  low 
permeability  conditions  (less  than  0.0003  ft/day  or  10~7  cm/sec).  This  condition  correlates 
well  with  the  experience  of  exploration  geologists  who  frequently  logged  deep  basement 
borings  as  being  "dry." 

3 .  The  permeability  of  fractured  zones  in  this  basement  rock  are  estimated  based  on  work  for  the 
mine  pits  performed  by  SHB  (1984a)  and  a  recent  pump  test  conducted  in  Monitoring 

Well  GW-1.  Based  on  data  from  early,  low-capacity  Gold  Fields  wells  (see  Section  3.6), 
SHB  (1984a)  estimated  the  average  permeability  for  the  basement  rock  to  be  about 
0.015  ft/day  (5  x  10"6  cm/sec).  This  valve  was  used  to  estimate  a  long-term  flow  rate  into  the 
mine  pit  of  22  gpm.  Experience  from  dewatering  of  the  mine  indicates  that  original  estimate  is 
reasonably  accurate.  The  results  of  the  pumping  test  at  GW-1  (see  Appendix  I)  indicates  that 
the  yield  potential  of  that  well  would  be  on  the  order  of  under  20  gpm.  This  corresponds  to  a 
permeability  estimate  of  0.18  ft/day  (6  x  10'5  cm/sec).  Long-term  flow  conditions  in 
fractured  portions  of  the  basement  rock  probably  would  correspond  to  an  average  condition 
between  these  two  values,  on  the  order  of  10"5  cm/sec. 


5.5    GROUND  WATER  QUALITY 

5.5.1  HISTORICAL  MONITORING  DATA 

1 .     Tables  3.5  and  3.6  summarize  ground  water  quality  data  for  the  alluvial  valley  and  subbasin 
zones,  respectively.  The  analyses  presented  include  data  from:  (1)  the  1982/86  period  for 
the  Mesquite  Mine  development  and  permitting;  and  (2)  from  1989/1991  to  illustrate  that 
significant  changes  have  not  occurred  over  time. 
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2 .  The  quality  data  for  the  alluvium  aquifer  also  indicates  that  water  from  this  source  is  not 
suitable  for  drinking  without  prior  treatment.  Drinking  water  standards  are  exceeded  in 
the  alluvium  aquifer  for  chlorine,  fluorine,  TDS,  and  specific  conductivity.  As  noted  in 
Section  3.10,  Gold  Fields  Operating  Company  (GFOC)  treats  this  water  by  a  reverse  osmosis 
process  prior  to  its  potable  use  at  the  Mesquite  Mine. 

3 .  The  data  for  the  subbasin  area  also  consistently  shows  the  water  quality  to  be  poor,  characterized 
by  high  values  of  salinity,  TDS,  chloride,  fluoride,  sulfate,  and  several  metals.  This  water  is  not 
suitable  as  drinking  water  without  prior  treatment. 

4.  Additional  conclusions  determined  from  the  data  in  Tables  3.5  and  3.6  are: 

•  The  Glamis  and  Boardman  wells  have  the  highest  concentrations  of  most 
parameters  and  especially  specific  conductivity,  TDS,  and  chloride.  This 
condition  is  interpreted  to  occur  because  these  wells  are  most  affected  by 
natural  mixing  with  geothermal  water,  associated  with  the  Glamis  Known 
Geothermal  Resource  Area  (KGRA).  This  condition  is  also  reflected  by 
temperature  variations.  Temperatures  as  high  as  1 59°  F  have  been  reported 
for  the  Glamis  well,  compared  to  typical  values  in  the  ranges  of  93°  F  and 
83°  to  86°  F  in  the  alluvium  and  subbasin  wells,  respectively. 

•  Natural  chemistry  variations  are  generally  greater  in  subbasin  wells  than 
for  conditions  in  the  alluvium.  This  condition  may  occur  because  of 
differences  in  rock  types  where  the  wells  are  screened. 


5.5.2  LANDFILL-RELATED  MONITORING  DATA 

1 .     As  discussed  in  Section  3.10,  baseline  monitoring  at  Wells  GW-1,  -2  and  -4  and  LGW-1 
and  -2  will  be  expanded  during  1993  to  obtain  appropriate  background  chemistry  for 
additional  constituents  which  are  associated  with  the  potential  characteristics  of  landfill 
leachate.  The  additional  parameters  will  be  determined  by  the  RWQCB  staff  and  will  include 
at  least  volatile  organic  compounds  (VOCs)  and  nitrates.  These  chemicals  often  are  contained 
in  landfill  leachate. 
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6.0     POTENTIAL  ENVIRONMENTAL  CONSEQUENCES 

6.1     INTRODUCTION 

1 .  Potential  environmental  consequences  to  ground  water  as  a  result  of  construction  and 
operation  of  the  Mesquite  Regional  Landfill  would  result  from  either: 

•  Effects  on  water  availability  in  the  alluvial  basin  as  a  result  of  extraction  of 
up  to  4,033  acre-feet  per  year  of  water  for  operation  of  the  landfill. 

•  Contamination  of  the  ground  water  due  to  the  downward  migration  of 
leachate  or  LFG  from  the  base  of  the  landfill. 

Contamination  of  ground  water  due  to  other  sources  is  not  considered  to  be  possible  because 
of  provisions  to  minimize  the  potential  for  the  escape  of  potential  contaminants.  For  example, 
all  storage  tanks  would  be  constructed  above  ground,  within  containment  areas,  and  water 
treatment  facilities  would  be  provided  with  double  containment. 

2 .  Section  6.2  discusses  the  potential  effects  of  the  proposed  water  extraction  on  conditions  in 
the  alluvial  basin  and  also  the  nearest  existing  wells.  This  section  also  explains  why  wells 
in  the  alluvial  basin  cannot  cause  water  level  decreases  at  the  landfill  which  could  cause 
undesirable  settlement  or  subsidence. 

3 .  Section  6.3  explains  reasons  why  there  is  essentially  no  threat  of  ground  water  contamination 
from  leachate  because  of  arid  site  conditions,  the  planned  triple  composite  liner,  overlying 
LCRS  and  vadose  zone  monitoring  system,  and  the  depth  to  ground  water  properties  of 
subsurface  materials.  This  section  also  identifies  the  importance  for  collecting  LFG  from 
within  the  landfill  to  prevent  its  migration  to  ground  water. 


6.2    GROUND  WATER  USAGE  EFFECTS 

1 .     The  proposed  landfill  project  would  utilize  water  from  the  existing  Mesquite  Mine  water 

supply  wells  located  south  of  the  project  area  in  the  Amos/Ogilby  alluvial  basin.  Even  during 
the  remaining  10-  to  15-year  projected  life  for  the  Mesquite  Mine,  the  combined  water  use 
from  the  two  projects  would  not  exceed  the  currently  permitted  maximum  annual  withdrawal 
rate  of  4,033  acre-feet.  The  most  probable  actual  water  use  during  this  period  is  expected  to 
range  between  the  existing  mine  usage  rate  of  about  1,500  acre-feet  per  year  to  3,000  acre-feet 
per  year  when  both  facilities  are  operating  at  maximum  water  use.  The  increment  between  the 
maximum  allowed  and  the  average  anticipated  use  represents  a  reserve  to  allow  for  unusually 
high  evaporation  conditions  and  conditioning  of  residue  at  the  landfill  for  methane  generation 
enhancement. 
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Following  closure  of  the  mine,  the  average  annual  water  usage  would  be  expected  to  be 
less  than  1,000  acre-feet  per  year,  primarily  for  dust  control  and  for  use  as  make-up  water 
(replacement  for  evaporated  water)  for  container  and  equipment  washdown  facilities. 
The  majority  of  the  washdown  water  would  be  reused  after  treatment  at  the  onsite  water 
reclamation  facility.  The  maximum  allowed  usage  of  4,033  acre-feet  per  year  could  be  realized 
if  moisture  conditioning  of  the  MSW  were  utilized  to  enhance  energy  recovery.  Considering 
the  maximum  annual  water  use  for  the  entire  proposed  100-year  landfill  operating  life,  the  total 
project-related  use  would  represent  about  0.2  percent  of  the  229,000,000  acre-feet  of  usable 
and  recoverable  water  estimated  to  exist  within  the  combined  Amos/Ogilby  and  East  Mesa 
alluvial  basins  (see  Section  3.2).  The  maximum  usage  would  represent  0.3  percent  of  the 
available  storage  if  it  is  conservatively  estimated  that  the  alluvial  basins  are  not  connected. 

The  maximum  extraction  rate  represents  only  about  4  percent  of  the  estimated  100,000  acre-feet 
of  annual  recharge  which  would  occur  from  the  Colorado  River  and  the  All  American  Canal 
to  the  combined  basins,  or  8  percent  of  the  50,000  acre-feet  of  estimated  recharge  to  just 
the  Amos/Ogilby  basin.  In  either  case,  the  Amos/Ogilby  alluvial  basin  would  continue  to 
experience  a  large  net  recharge  of  water.  Based  on  the  comparison  of  the  water  to  be  extracted 
in  relationship  to  the  available  stored  water  and  the  much  larger  amount  of  recharge,  water  usage 
for  the  proposed  landfill  would  not  have  a  noticeable  effect  on  the  Amos/Ogilby  alluvial  basin. 

The  localized  cone  of  depression  that  would  form  around  the  well  field  as  extraction  continues 
for  the  proposed  project  life  would  potentially  have  some  effect  on  the  depth  of  water  at 
the  several  other  wells  identified  within  the  general  area.  These  especially  include  the 
Boardman  and  Glamis  wells  (Figure  3.1)  located  3.5  and  5.5  miles  from  the  Mesquite 
water  supply  wells,  respectively,  in  the  Amos/Ogilby  basin. 

The  potential  drawdown  for  The  Bureau  of  Land  Management's  (BLM's)  Cahuilla  Ranger 
Station  well  located  about  12  miles  to  the  west  of  the  well  field  in  the  East  Mesa  basin  was  also 
estimated.  This  estimate  assumes  that  the  Amos/Ogilby  and  East  Mesa  Basins  have  strong 
hydrogeologic  communication.  If  the  basins  are  not  connected,  the  BLM  well  would  not  be 
impacted  at  all.  Noticeable  well  drawdown  conditions  would  not  be  expected  at  the  Gold 
Rock  Ranch  or  American  Girl  Mine  wells  which  are  closer  to  the  large  Colorado  River  and 
All  American  Canal  recharge  zone  than  to  the  existing  Mesquite  Mine  well  field.  Table  6. 1 
summarizes  the  amount  of  drawdown  projected  at  the  extraction  rates  of  1 ,000  acre-feet  per 
year  (projected  use  for  landfill  alone,  without  moisture  enhancement)  and  4,033  acre-feet  per 
year  for  up  to  100  years  in  25-year  increments. 
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6 .  The  drawdown  estimates  were  calculated  the  following  two  ways: 

•  Using  a  two-dimensional  USGS  finite  element  model  (MODFLOW). 

•  Using  a  Theis  solution  for  verification. 

The  analysis  for  both  methods  considers  that  the  high  rock  subbasin  to  the  north  represents 
a  "no-flow"  boundary.  This  boundary  is  located  6,000  feet  north  of  the  pumping  wells  and 
extends  12,000  feet  to  the  west.  Then  the  boundary  trends  northward  to  simulate  the  subbasin 
configuration  shown  in  Figure  3.3.  The  following  aquifer  characteristics  and  modeling 
parameters  were  used: 

•  Aquifer  Transmissivity  =  65,000  gpd/ft. 

•  Average  Aquifer  Thickness  =  1,150  feet  (to  Elevation  1,100  below  mean 
sea  level  (msl)  based  on  Section  B-B'  in  Figure  2.11). 

•  Specific  Yield  =  0.1. 

•  Pumping  wells  fully  penetrate  the  aquifer. 

•  No  recharge  to  the  aquifer  occurs. 

•  The  well  field  pumping  rate  is  4,033  acre-feet  per  year. 

7 .  The  analyses  are  considered  to  be  conservative,  especially  because:  (1)  the  lowest  value 
of  transmissivity  for  the  well  pumping  tests  was  used;  (2)  the  large  amount  of  recharge 
(50,000  or  100,000  acre-feet  per  year  as  described  in  Section  3.5.4)  was  not  included; 
and  (3)  the  aquifer  is  much  deeper  than  assumed.  Therefore,  the  actual  drawdown  at 
each  well  will  be  less  than  that  calculated. 

8 .  The  Boardman  well,  being  closest  to  the  Mesquite  Mine  well  field,  would  have  the  most 
potential  drawdown.  If  the  Mesquite  Mine  or  landfill  project  wells  were  pumping  at  a 
capacity  of  1,000  acre-feet  per  year,  the  conservative  estimate  of  drawdown  at  the 
Boardman  well  would  be  approximately  3  feet  after  100  years.  For  a  maximum  pumping  rate 
of  4,033  acre-feet  per  year,  the  drawdown  at  the  Boardman  well  with  no  basin  recharge 
would  be  about  13  feet.  The  Glamis  well,  located  5.5  miles  from  the  Mesquite  Mine  well 
field,  could  have  a  drawdown  between  3  and  12  feet  after  a  100-year  period  of  continuous 
production  by  the  Mesquite  Mine  wells  operating  between  a  range  of  1,000  and 

4,033  acre-feet  per  year.  The  conservative  estimated  drawdown  at  BLM's  Cahuilla  Ranger 
Station  well  would  be  2.6  and  11.1  feet  for  the  same  conditions,  and  assuming  that  this  well 
is  within  the  same  basin  as  the  Gold  Fields  wells. 

9 .  A  comparison  of  the  drawdown  estimates  for  the  area  wells  and  the  total  water  column  in 
each  (Table  6.1),  shows  that  the  potential  effect  created  by  the  maximum  pumping  rate  for 
100  years  from  the  Mesquite  Mine  wells  would  be  a  small  percentage  of  the  available  water 
in  the  affected  wells.  The  conservative  maximum  estimated  drawdown  of  13  feet  in  the 
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Boardman  well  represents  3  percent  of  the  430-foot  depth  of  water  in  that  well;  the  maximum 
drawdown  of  12  feet  at  the  Glamis  well  represents  4  percent  of  the  290- foot  depth  of  water 
in  that  well.  The  1 1  feet  of  maximum  drawdown  at  the  Cahuilla  Ranger  Station  well  would 
represent  about  6  percent  of  the  186  feet  of  water  available  at  that  location.  These  changes 
would  not  adversely  affect  the  capacity  of  these  wells  to  provide  relatively  small  amounts  of 
water  required  at  these  locations. 

1 0.  Pumping  of  the  alluvial  production  wells  would  not  have  any  noticeable  effect  on  water  levels 
in  the  rock  subbasin  beneath  the  landfill.  Therefore,  there  is  no  potential  for  subsidence  due  to 
dewatering,  which  could  potentially  affect  landfill  liner  continuity. 


6.3    GROUND  WATER  QUALITY 

6.3.1  INTRODUCTION 

1 .  Potential  impacts  to  ground  water  quality  at  the  site  could  occur  in  several  ways: 

•  Leakage  of  stored  liquids  (e.g.,  fuels,  lubricating  oils)  containing 
undesirable  constituents  into  the  subsurface. 

•  The  seepage  of  leachate  from  the  landfill  through  the  protective  liner  and 
through  the  vadose  (unsaturated)  zone  to  the  ground  water. 

•  The  migration  of  LFG  from  the  facility  into  the  unsaturated  zone,  resulting 
in  the  dissolution  of  trace  gases  into  the  underlying  ground  water. 

Site  conditions  and  the  project  design  would  eliminate  the  potential  for  ground  water 
contamination  to  occur  due  to  leakage  of  stored  liquids.  The  desert  climate  conditions 
naturally  mitigate  against  impacts  from  short-term  events  because  of  the  small  amount  of 
rainfall,  high  evaporation  rate,  and  the  natural  moisture  conditions  in  the  vadose  zone.  These 
conditions  indicate  that  downward  migration  of  rainfall  infiltration  toward  the  ground  water, 
which  could  transport  contaminants,  is  not  currently  occurring  in  this  desert  area.  Also, 
hydrocarbon-type  materials  (e.g.,  fuels)  would  be  stored  only  in  aboveground  tanks  using 
double-contained  systems,  with  warning  devices  when  appropriate,  to  provide  early  warning 
of  any  leakages  which  may  occur.  The  WDO  obtained  from  the  RWQCB  would  also  include 
standard  operating  requirements  to  immediately  remediate  any  spills  of  substantial  quantities 
of  hydrocarbons  which  may  occur  due  to  mechanical  breakdowns  on  site  equipment,  etc. 

2 .  There  are,  however,  potential  sources  of  long-term  exposure  of  the  subsurface  to  liquids 
or  LFG  migration  which  could  overcome  the  natural  conditions  which  restrict  downward 
migration  of  contaminants.  The  potential  for  landfill  leachate  and  LFG  migration  and  ground 
water  quality  impacts  are  discussed  in  Sections  6.3.2  and  6.3.3. 
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6.3.2  LEACHATE  MIGRATION  POTENTIAL 

1 .  Because  of  the  arid  conditions  at  the  site,  and  the  high  amount  of  compaction  of  the  waste, 
it  is  not  anticipated  that  leachate  will  be  generated,  except  possibly  for  very  short  periods 
if  rainfall  occurs  at  the  initial  startup  period  of  a  disposal  cell.  After  one  or  two  layers  of 
MSW  (10  to  20  feet  thick  each)  and  related  daily  cover  is  placed,  precipitation  would  not 
be  expected  to  reach  the  LCRS  and  landfill  liner  system.  Appendix  G  provides  calculations 
using  EPA's  HELP  model  for  6-inch  daily,  12-inch  intermediate  and  24-inch  temporary 
soil  covers.  The  results  show  a  general  net  outward  migration  of  moisture.  For  even  an 
unusually  wet  year,  such  as  that  which  occurred  during  the  1992/1993  rainy  period,  the 
amount  of  infiltration  through  the  daily  cover  would  only  be  about  6  inches.  It  is  anticipated 
that  this  amount  of  infiltration  would  be  absorbed  within  the  top  2  feet  of  underlying  MSW 
residue. 

2.  If  for  any  reason  (e.g.,  moisture  conditioning  for  LFG  enhancement),  however,  a  source  of 
leachate  were  to  occur  anywhere  within  the  landfill  area,  and  occupy  a  common  location  in 
the  leachate  collection  system  for  a  very  long  period,  the  liquid  could  theoretically  represent  a 
potential  threat  for  migration  through  the  vadose  zone  to  the  subbasin  ground  water  regime. 

3 .  Appendix  H  provides  data  concerning  the  potential  for  seepage  to  occur  through  the  low 
permeability  liner  and  into  the  vadose  zone,  considering  hypothetical  defects  in  a  synthetic 
layer  portion  of  the  composite  liner.  This  information  on  liner  system  performance  is 
developed  from  Chapter  7  of  the  Mine  Waste  Management  Manual  edited  by  Hutchison  and 
Ellison  (1992).  Information  in  that  chapter  is  partly  based  on  the  report  Leakage  Through 
Liners  Constructed  With  Geomembranes  prepared  by  Giraud  and  Bonaparte  (1989)  for  the 
U.S.  EPA.  Appendix  H  also  provides  calculations  to  verify  that  the  LCRS  will  freely  drain 
leachate  without  creating  a  large  head  on  the  triple  composite  liner  system. 


6.3.3  LFG  MIGRATION  POTENTIAL 

1 .     Although  the  proposed  landfill  would  be  constructed  essentially  at  or  near  the  existing  ground 
surface,  the  potential  for  downward  migration  of  LFG  to  the  depth  of  ground  water  in  the 
subbasin  could  be  possible  because  of  the  large  areal  extent  of  the  landfill.  For  example,  the 
maximum  width  of  the  landfill  is  about  8,000  feet,  in  comparison  with  the  depth  to  ground 
water  of  400  or  more  feet,  depending  on  location.  Because  of  this  configuration,  there 
would  be  the  potential  for  LFG  generated  in  the  decomposing  trash  to  migrate  to  the  ground 
water  if  special  gas  control  systems  are  not  installed. 
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2.  The  landfill  design,  including  the  base  liner  system,  would  include  provisions  to  collect  the 
majority  of  the  LFG  in  a  manner,  and  at  locations,  which  would  avoid:  (1)  development  of 
air  and  methane  mixtures  which  could  be  explosive;  and  (2)  the  transport  of  trace  organics  to 
the  atmosphere  and/or  ground  water.  The  LFG  control  system  would  consist  of  gravel-filled 
horizontal  collector  trenches,  containing  perforated  pipes,  installed  at  approximately  50-  and 
250-foot  vertical  and  horizontal  c,  respectively.  Each  perforated  pipe  would  be  connected  to 
a  vacuum  header  pipe  on  the  outside  of  the  landfill.  The  bottom  row  of  pipes,  approximately 
20-feet  above  the  liner,  would  be  spaced  at  125  feet  to  provide  added  assurance  that  a  vacuum 
condition  could  be  maintained  at  the  landfill  base.  Vacuum  applied  throughout  the  landfill 
would  collect  and  transport  generated  LFG  to  a  common  location  for  destruction  by  flaring  or 
for  energy  recovery  usage.  The  gas  control  system  arrangement  could  be  modified  in  the  future, 
if  appropriate,  in  response  to  changing  technology. 

3.  In  summary,  potential  for  the  downward  migration  of  LFG  into  the  vadose  zone  would  be 
improbable  because  vacuum  will  be  maintained  within  the  landfill  and  directly  above  the  low 
permeability  liner  system  at  the  base.  Monitoring  systems  would  be  incorporated  into  both  the 
landfill  and  vadose  zone  to  assure  that  the  vacuum  condition  is  maintained  and  LFG  migration 
is  not  occurring. 
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TABLE  3.1 


SUMMARY  OF  VICINITY  WELLS 


WELL 
IDENTIFICATION 

PURPOSE 

RATED 
YIELD 

(gpm) 

TOTAL 

DEPTH 

(ft) 

PERFORATED 

INTERVAL 

(ft) 

SEALED 
DEPTH 

(ft) 

DATE 
COMPLETED 

APPROXIMATE 

WATER  LEVEL 

(ft) 

DEPTH 

ELEVATION 
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JO 
J2 
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V? 
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_«: 
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E 
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C3 

m 
o 

g 
•a 
u 

aa 
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•o 
u 
u 
S. 

£ 
o 

U 

WT-2 

Production/ 
Upgradienl 
Monitoring 

28 

442 

154-404 

N/A 

October  1982 
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550 

SM-63 

Production 

10 

477 

N/A,n 

N/A 

N/A 

185 

575 

SM-241 

10 

520 

200 

560 

Singer  Well 

15 

470 

220 

575 

GW-1 

Downgradient 
Monitoring  Well 

Less  than  15 

430 

317-416 

0-291 

October  1985 

313 

277 

GW-2 

Less  than  10 

310 

207  -  305 

0-  190 

270 

360 

GW-3 

1-2 

310 

196-296 

0-  193 

213 

437 

GW-4 

Upgradient 
Monitoring  Well 

2 

320 

209  -  309 

0-  190 

October  1986 

223 

502 

GW-5 

Downgradient 
Monitoring  Well 

2 

359 

259  -  359 

0-250 

October  1988 

270 

N/A 

GW-6 

1  -2 

338 

238-338 

0-  222 

January  1990 

250 

N/A 

LGW-1 

Downgradient 
Monitoring  Well 

Less  than  10 

450 

300  -  450 

0-285 

February  1993 

357 

210 

LGW-2 

Upgradient 
Monitoring  Well 

Less  than  10 

190 

130-  190 

0-  130 

November  1992 

141 

490 

MCR-80 

Intended  for  Large-Scale 

Production  but 

Insufficient  Yield 

Less  than  26 

1,017 

402-  1,002 

0-50 

March  1983 
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E 
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i 
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-C 
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E 
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•o 
u 
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E 
o 
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GF-1 
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3,000-6,000 

822 

506-810 

0-20 

December  1983 
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79 

GF-2 

2,300+ 

908 

658  -  885 

0-50 

March  1985 

462 

78 

GF-3A 

2,250+ 
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690  -  930 

0-50 

March  1986 
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77 

MBH-1 

Observation 

N/A 
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510-590 

0-300 

November  1984 
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81 

MBH-2 
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510-630 

0-400 
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80 

MBH-3 
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79 

Boardman  Well 
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N/A 
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N/A 

N/A 

1980 
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95 

GlamisWell 
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N/A 

N/A 

1972 
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Cahuilla  Ranger  Station 
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50 

300 

210 
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July  1992 
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80l2) 

Gold  Rock  Ranch  Well 
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N/A 

521 

N/A 

N/A 

1935 

397 

83 

American  Girl  Mine 
26-1 

Production 

50 

N/A 

N/A 

N/A 

N/A 

280 

119 

American  Girl  Mine 
26-2 

Production 

400 

393 

N/A 

N/A 

August  1988 

280 

119 

91-2%(.V4/94/ds> 


(2) 


N/A  =  Not  available. 

Estimated  based  on  approximate  ground  surface  of  195  feet  above  mean  sea  level. 
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TABLE   3.4 

BORING  ESI-2 
FALLING  HEAD  TEST  RESULTS 


TEST 
INTERVAL 

(ft) 

Q 

(ft3/min) 

Head, 

(ft) 

h 

Borehole 

radius, 

(ft) 

r 

Viscosity  at 

20°C, 

(dimensionless) 

V 

K 

ft/sec 

cm/sec 

312.5-  317 

2.73  x  10"4 

35.0 

0.17 

1 

3.0  x  10"9 

9.1  x  10"8 

317-319 

1.26  x  10"4 

29.0 

0.17 

1 

2.0  x  10"9 

5.8  x  10"8 

319-325 

1.26  x  10"4 

26.5 

0.17 

1 

1.8  x  10"9 

5.7  x  10-8 

325  -  326.5 

9.5  x  10'5 

27.5 

0.17 

1 

1.6  x  10"9 

4.9  x  10"8 

91-296  (10/28/93/sh) 


TABLE  3.5 
ALLUVIAL  VALLEY  GROUND  WATER  QUALITY  DATA 


DRINKING  WATER 
STANDARDS*1  > 

pH 

(units) 

SC 

(Hmho/cm) 

TDS 
(mg/L) 

cr 

(mg/L) 

F" 

(mg/L) 

so42- 

(mg/L) 

As 
(mg/L) 

Cr 

(mg/L) 

Fe 

(mg/L) 

Mn 
(mg/L) 

Hg 

(mg/L) 

6.5  -  8.5 

900 

500* 

250* 

1.6 

250* 

0.05 

0.05 

0.30* 

0.05* 

0.002 

WELL 

DATE 

6.89 

1,9400) 

1,145 

445 

1.74 

261 

0.015 

0.07 

5.00 

0.06 

NA 

GF-1 

8/30/82 

3/21/83 

7.06 

2.150 

1,084 

443 

4.80 

239 

0.004 

<0.01 

0.36 

0.01 

NA 

12/5/83 

7.28 

1,900 

1.216 

399 

4.30 

252 

0.005 

0.02 

0.13 

<0.01 

NA 

5/2/84 

6.90 

2,150 

1,178 

441 

2.50 

274 

0.006 

<0.01 

0.01 

0.01 

NA 

10/25/85 

7.81 

1.779 

1,162 

425 

3.50 

265 

0.001 

0.02 

0.82 

0.01 

NA 

12/12/85 

7.81 

1,954 

1.137 

436 

2.30 

266 

0.014 

<0.01 

0.53 

<0.01 

NA 

5/21/86 

7.80 

1.950 

1.309 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

GF-2 

4/19/85 

8.13 

1,980 

1.072 

403 

1.9 

240 

0.004 

0.01 

0.08 

0.04 

NA 

4/21/85 

8.01 

1.980 

1.108 

404 

2.1 

237 

0.004 

0.01 

0.09 

<0.01 

NA 

10/25/85 

7.68 

1.699 

1.088 

404 

1.6 

252 

<0.001 

<0.01 

0.09 

0.09 

NA 

5/21/86 

7.60 

1.886 

1,217 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

GF-3A 

4/21/86 

7.94 

1.643 

1,069 

386 

1.82 

237 

0.006 

<.01 

0.10 

<0.01 

NA 

7/16/91 

8.00 

1.092 

2.100 

410 

2.5 

250 

<0.001 

0.01 

0.17 

3.3 

NA 

Boardman 

2/4/84 

7.75 

5.560 

3,080 

1.333 

2.80 

155 

0.032 

<0.01 

0.37 

0.05 

NA 

Glamis 

4/25/72 

6.8 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

2/4/84 

7.73 

5.490 

3,046 

1,371 

2.81 

168 

0.067 

<0.01 

1.1 

0.12 

NA 

Gold  Rock 

1/19/49 

NA 

NA 

1.510 

667 

NA 

242 

NA 

NA 

NA 

NA 

NA 

5/20/64 

7.7 

NA 

1,950 

897 

1.8 

275 

NA 

NA 

NA 

NA 

NA 

9/29/68 

7.5 

NA 

844 

348 

1.9 

125 

NA 

NA 

NA 

NA 

NA 

NA  =  Not  Available 


O   California  Domestic  Water  Quality  and  Monitoring  Regulations.  California  Health  and  Safety  Code  and  the  CAC  Title  22. 
(2)   The  numbers  typed  in  italics  equal  or  exceed  drinking  water  quality  standards. 

*  Recommended  secondary  drinking  water  standards  -  upper  and  short-term  levels  may  be  higher. 


91-296  (11/4/93/pm) 


TABLE  3.6 


SUBBASIN  AREA  GROUND  WATER  QUALITY  DATA 


DRINKING  WATER 

pH 

(units) 

SC 

(umho/cm) 

TDS 
(mg/L) 

cr 

(mg/L) 

F-C2) 
(mg/L) 

S042" 

(mg/L) 

As,3) 
(mg/L) 

Cr13' 
(mg/L) 

Fe(3) 
(mg/L) 

Mn(3) 
(mg/L) 

Hg 

(mg/L) 

STANDARDS  <>> 

6.5-8.5 

900 

500* 

250* 

1.6 

250* 

0.05 

0.05 

0.30* 

0.05* 

0.002 

WELL 

DATE 

7.88 

1,65^ 

1,000 

142 

2.5 

262 

0.05 

<0.01 

0.80 

0.08 

WT-2 

11-22-82 

3-21-83 

7.23 

1,760 

1,004 

137 

3.1 

274 

0.014 

<0.01 

0.56 

0.03 

... 

2-4-84 

8.0 

1,660 

996 

127 

1.6 

256 

0.031 

<0.01 

0.03 

<0.01 

— 

5-4-84 

8.4 

1,800 

997 

146 

1.32 

251 

... 

... 

... 

... 

... 

1-21-85 

8.2 

— 

1,040 

136 

— 

256 

... 

... 

... 

... 

... 

10-25-85 

7.99 

1,630 

969 

140 

1.71 

260 

0.003 

<0.01 

0.07 

0.07 

... 

12-12-85 

8.36 

1,561 

938 

110 

1.58 

266 

0.026 

<0.01 

0.2 

0.01 

... 

SM-63 

11-22-82 

7.61 

1,560 

960 

125 

1.3 

280 

0.01 

<0.01 

0.12 

0.01 

... 

3-21-83 

7.14 

1,650 

992 

104 

3.3 

274 

0.014 

<0.01 

1.00 

0.02 

... 

Singer 

2-4-84 

7.85 

2,250 

1,328 

286 

1.6 

415 

0.005 

<0.01 

0.82 

0.06 

... 

GW-1 

10-25-85 

7.34 

3,320 

2, 1282, 

595 

1.5 

283 

0.007 

0.08 

33 

14 

... 

12-12-85 

7.52 

3,105 

032 

486 

1.09 

168 

0.037 

0.14 

22 

1.7 

... 

10-28-86 

8.25 

3,081 

1,819 

660 

2.2 

360 

0.075 

0.04 

3.5 

4.1 

... 

4-92 

7.5 

... 

1,802 

... 

... 

... 

... 

... 

... 

... 

GW-2 

10-25-85 

7.35 

3.230 

1,960 

876 

1.7 

325 

0.001 

<0.01 

0.19 

0.84 

... 

12-12-85 

7.75 

3,485 

1,992 

863 

1.02 

330 

0.007 

<0.01 

0.77 

0.5 

... 

4-92 

7.7 

... 

1,645 

... 

... 

... 

... 

— 

... 

... 

... 

GW-3 

10-25-85 

7.92 

1,221 

869 

129 

13 

297 

0.002 

<0.01 

0.04 

0.04 

... 

12-12-85 

8.23 

1,346 

890 

134 

1.81 

292 

0.017 

<0.01 

0.39 

0.11 

... 

4-92 

7.7 

1,136 

... 

... 

... 

... 

... 

... 

... 

... 

GW-4 

10-23-86 

8.14 

2,027 

1,270 

309 

2.0 

342 

0.009 

0.03 

0.04 

0.14 

0.0009 

4-92 

7.7 

... 

1,1911, 

— 

... 

— 

... 

— 

... 

... 

... 

GW-5 

6-7-89 

8.4 

... 

170 

302 

2.5 

229 

0.071 

0.20 

0.03 

1.6 

<0.0005 

4-92 

9.2 

... 

978 

... 

... 

... 

... 

... 

... 

... 

GW-6 

7-30-91 

8.0 

... 

1,273 

430 

1.2 

300 

<0.005 

<0.005 

32 

0.21 

<0.0001 

MCR80 

1-18-85 

7.28 

3,306 

1.800 

609 

... 

425 

... 

... 

6.8 

... 

... 

(,)  California  Domestic  Water  Quality  and  Monitoring  Regulations.   California  Health  and  Safety  Code  and  the  CAC  Title  22. 

,2)  1.6  mg/L  based  on  annual  average  air  temperature  of  73° F. 

I3)  Data  presented  as  total  (mg/L).   Soluble  (<  0.45|im)  level  data  also  available. 

(4)  The  numbers  typed  in  italics  equal  or  exceed  drinking  water  quality  standards. 

*    Recommended  secondary  drinking  water  standards.  Upper  and  short-term  levels  may  be  higher. 
(— »  Not  available  or  not  applicable. 
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TABLE   4.1 


RAINFALL  DATA*  ) 


YEAR 

WEATHER  STATION 

EL  CENTRO 

BLYTHE 

YUMA 

MESQUITE  MINE 

1980 

4.35 

4.35 

2.07 

- 

1981 

3.86 

3.24 

1.55 

- 

1982 

4.92 

5.17 

5.46 

- 

1983 

5.50 

5.96 

5.36 

1.47 

1984 

2.33 

6.06 

6.19 

4.99 

1985 

4.72 

5.07 

2.68 

5.18 

1986 

3.91 

3.68 

1.73 

3.17 

1987 

2.24 

3.33 

3.67 

3.03 

1988 

2.43 

2.93 

2.72 

- 

1989 

0.92 

1.62 

6.75 

- 

1990 

1.97 

1.66 

1.95 

- 

1991 

3.86(2) 

4.32(2) 

3.17 

1992 

_(3) 

_(3) 

5.07 

- 

Average 

3.42 

3.95 

3.72 

3.57 

91-296  (10/28/93/sh) 


-  =  Not  Available 

(!)  Data  received  from  National  Weather  Service  unless  otherwise  indicated. 

(^)  Data  received  from  Continental  Weather  Service. 

(3)  Not  yet  available. 


TABLE   6.1 

POTENTIAL  DRAWDOWN  EFFECTS 
AT  PROJECT  AREA  WELLS 


PUMPING 
RATE 

(acre-feet) 

LENGTH  OF 
PUMPING 

(years) 

CONSERVATIVE^  ESTIMATES  OF 
DRAWDOWN  IN  FEET 

Boardman  Well 
(3.5  miles  from 

well  field. 
430-foot  water 

column.) 

Glamis  Well 
(5.5  miles  from 

well  field. 

290-foot  water 

column.) 

Cahuilla  Ranger 

Station  Well 
(12  miles  from 

well  field. 

1 86-foot  water 

column.) 

1,000 

25 
50 
75 
100 

1.1 

1.8 
2.5 
3.3 

0.8 
1.6 

2.3 
3.0 

0.5 
1.3 

2.0 

2.6 

4,033 

25 
50 
75 
100 

4.4 
7.3 
10.2 
13.3 

3.5 
6.3 
9.0 
12.1 

2.3 
5.1 
8.0 
11.1 

91-296  (10/28/83/sh) 


( ' '   The  estimates  are  considered  to  be  very  conservative  because  they  assume  the  lowest 
aquifer  hydraulic  properties  determined  from  pumping  tests  at  the  Gold  Fields  wells, 
and  that  the  estimated  existing  recharge  of  50,000  to  100,000  acre-feet  per  year  to  the 
alluvial  basin  does  not  occur. 
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NOTES: 

1.  SEE  FIGURE  3.4  FOR  THE  PROFILE  LOCATION. 

2.  VELOCITIES  SHOWN  ARE  IN  FEET  PER  SECOND. 

3.  TOTAL  LINE  LENGTH  6.8  MILES,  INCLUDING  10-3.600  FT.  SPREADS 
WITH  150  FT.  GEOPHONE  SPACING  AND  5-SHOT  POINTS  PER  SPREAD 

SLOPE  INTERCEPT  AND  RECIPROCAL  METHODS  USED  TO  CALCULATE  DEPTHS  OF 
VELOCITY  LAYERS. 

4.  THIS  FAULT  HYPOTHESIZED  BY  ALBERIO  DOES  NOT  HAVE  EXPRESSION 
IN  OTHER  EXISTING  DATA. 

5.  THIS  AREA  REPRESENTS  THE  ZONE  WHERE  THE  PEDIMENT  ENDS  AND 
THE  ALLUVIUM  THICKENS. 
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VASTS  DISCHAJWE  REQUIft£MSflT$ 

TOR 

COLD  FIELDS  OPESATDW  CO.   -  KSSQOITC 

Hortheese  of  Clmmls  •  Imperial  County 

The  Calif  omia  Regional  Water  Quality  Control  goard,  Colorado  Wnr  fceain  Region,  finds 

that: 

1.  Cold  Fields  Operating  Co.  •  Mesqulte  (hereinafter  alto  referred  to  as 
the  discharger),  HCR  76  Clamia  100,  Srawley,  California,  92227, 
submitted  an  updated  Report  of  Waste  Discharge,  dated  January  21, 
1989,  to  modify  an  existing  operation.  The  modification  is  an  increase 
in  the  rate  of  gold  ore  processing,  and  modifications  to  the  existing 
prooeee  configuration  to  account  for  operational  improvements 
determined  since  the  facility  started  up  in  February  1985. 

2.  The  discharger  proposes  to  proride  flexibility  for  the  rata  of  gold 
production  on  its  approximately  1,200* acre  heap  leeching/carbon 
adsorption  processing  facility.  The  nominal  processing  rate  is 
expected  to  be  between  about  five  and  eight  million  tons  per  year. 
Larger  production  rates  nay  be  permitted  provided  the  applicant 
demonstrates  to  the  Executive  Officer  that  the  production  rate  increase 
will  not  cause  noncompliance  with  storm  run-off  and  solution  volume 
containment  requirements  of  this  Order. 

3.  The  main  processing  facilities  are  located  in  Sections  8,  9,  16,  17, 
19  and  20,  T13S,  al9E,  SlUX,  about  6  miles  northeast  of  Clsmis  near 
Highway  73.  Ore  processed  in  this  area  would  be  mined  in  Sections  3, 
A,  5,  6.  7,  6.  9,  10  and  13,  T13S,  R19E,  SnBHi.  Additional  satellite 
processing  facilities,  if  approved  in  writing  by  the  Executive  Officer, 
may  be  located  in  the  areas  indicated  on  the  attached  figure  entitled 
"Approximate  Areas  That  Could  Include  Future  Satellite  Fads". 

4.  The  estimated  life  of  the  processing  area  is  20  yeers.  The  process 
will  continue  to  use  a  solution  of  sodium  cyanide,  <or  an  equivalent 
cyanide  compound)  applied  onto  piles  (heaps)  of  ore,  to  dissolve  gold 
and  transport  it  in  lined  ditches  or  pipes  to  solution  containment 
basins  or  tanks.  The  pregnant  solution  is  piped  through  carbon  column 
units  where  gold  is  removed.  Sodium  cyanide  (or  an  equivalent  cyanide 
compound)  is  added  to  reconstitute  the  resulting  barren  solution  which 
is  recirculated  to  the  proceaa. 

5.  Ore  piles  to  he  leached  *ill  be  underlain  by  a  continuous  synthetic  (or 
equivalent  natural)  liner  designed  to  be  effective  throughout  the 
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processing  lift  Of  •Ach  pile  or  ••gaenc.   The  liner  detijn  would  be 
baaed  on  but  not  necessarily  limited  to  the  following  factor*: 

a.  Th*  aixe  of  th«  ©re  pertieles  In  the  initial  lift,  against  the 
liner, 

b.  Kaxloum  pll*  height, 
e.  Ore  placement  methods, 

d,  Subgrade  preparation  end/or  everllner  procedure* ,  and 

e.  Provisions  for  controlling  the  hydraulic  head  of  the  solution 
on  the  liner. 

6.  Upon  completion  of  the  ore- la  aching  proeese,  each  pile  or  segment  would 
be  flushed  with  fresh  water  or  otherwise  rinse-treated  after  completion 
of  leaching  operations  to  reduce  cyanide  concentration  to  an  acceptable 
level  which  would  result  in  a  mining  waste  claaalfl cation  of  Croup  C, 
under  Article  7,  Subchapter  IS,  Chapter  3  of  Title  25  of  the  California 
Code  of  Regulations,  The  pile  would  then  be  either  abandoned  In. place 
or  removed  elsewhere. 

7.  Normal  annual  precipitation  in  this  area  la  3.5  inches,  and  normal 
annual  surface  evaporation  is  9  feet;  so  that  precipitation  upon  a 
surface  I*  not  eapable  of  carrying  dissolved  oaterial  into  the  ground 
water. 

8.  The  Vater  Quality  Control  Plan  for  ths  Colorado  River  5aein  Region  of 
California  was  adopted  by  the  Regional  Board  on  November  14,  1984.  The 
beneficial  use  of  the  ground  weters  in  Aaos-Ogllby  Hydrologic  unit, 
ae  set  forth  in  the  above  Plan,  is  municipal  supply. 

9.  The  processing  facilities  are  located  la  an  area  underlain  by  bedrock 
with  low  .potential  for  water  supply.  The  depth  to  this  United  ground 
water  is  approximately  200  feet.  The  industrial  water  supply  for  this 
project  is  derived  from  three  deep  wells  drilled  into  alluvium, 
approximately  two  miles  southeast  of  the  processing  facilities.  The 
beginning  Of  the  alluvium  basin,  known  as  the  Amos-Ogilby  Hydrologic 
Unit,  la  estimated  to  be  about  one  mile  from  the  maximum  limits  of  the 
processing  facilities.  Potable  water  at  the  mine  is  obtained  by 
treating  the  local  ground  water  with  a  reverse  osmosis  method  to  reduce 
naturally  high  constituents  to  acceptable  drinking  water  standards. 
Ground  water  quality  in  the  project  area  is  sodium  chloride  in 
character  with  a  total  dissolved  solids  concentration  of  approximately 
1700  »g/l.  This  1700  mg/1  is  the  average  TDS  value  for  samples  taken 
from  four  ground  vater  monitoring  wells  at  the  processing  site  prior 
to  commencement  of  heap  leach  operations. 

10.  Overburden  soil  and  rock,  and  vasts  rock  from  the  mining  operations 
would  be  deposited  in  piles  surrounding  the  mining  pits.  These 
materials  have  the  classification  of  Croup  C  per  Article  7  of  said 
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Subchapter  15,  baaed  on  laboratory  taata  on  eruehed  r«k  which  ■hew 
that  the  aacarial  it  not  acid  generating  or  hazardous,  and  would  net 
cause  discharge  having  «  significant  aff*ct  on  vater  quality. 

11.  The  fcegicmal  Board  hi*  notified  the  discharger  end  interested  ageneies. 
end  persons  of  its  intent  Co  revise  waste  discharge  requlreaenta  for 
this  facility. 

12.  The  Regional  Roard,  in  «  public  meeting*  heerd  end  considered  ell 
consent*  pertaining  to  the  proposed  discharge, 

13.  The  Ioperlel  County  Harming  Comi**ion  adopted  on  December  12,  1964, 
Environmental  lapeoc  Report  -  SCH  #(4040408  which  contains  eitigation 
measures  for  the  Meequit*  Gold  Xine  end  Processing  Facilities  on 
Sections  4,  3,  6,  7,8,  *.  17,  18,  19  end  20,  T13S.  R19R,  S3BAM.  The 
Imperial  County  Planning  Commission  Adopted  on  October  28,  1987, 
Environmental  Lspset  Report  SCH  #87052709,  which  contains  mitigation 
measures  for  expended  mining  ere**  encompassed  by  Sections  3.  4,  9,  10 
end  15,  T13S,  R19B,  S8E6X.  In  Kerch  1989,  the  Imperiel  County  Planning 
Commission  adopted  e  Negative  Declaration  finding  no  signif leant  impact 
for  tha  modification*  currently  proposod  by  the  discharger.  These 
ETR's  end  the  Negative  Declaration  indicate  that  this  project  vould  not 
have  «  significant  effect  on  water  quality. 

IT  IS  HEREBY  ORDERED,  the  discharger  shall  cosply  with  the  following: 

A.    Discharge  Specifications 

1.  Neither  the  mining  procese  nor  the  discharge  of  wastewater  or  ether 
wsetes  shall  create  pollution  or  nuisanee  as  defined  In  Division  7  of 
the  Calif ornie  Water  Coda. 

2.  The  cyanide  solutions  shall  be  contained  only  in  the  processing  aystca 
or  in  other  leek*proof  containers. 

3.  There  shall  be  no  wind  transport  of  cyanide  solution  or  ore  containing 
cyanide  away  froa  tha  leeching  area. 

4.  The  heap  leech  ore  piles  shall  be  underlain  by  a  synthetic  liner  which 
hes  a  maximum  peroeability  of  1  z  10*"  cm/see  and  e  alnijoua  thickness 
of  40  alls.  An  equivalent  llnsr  may  be  approved  by  the  Regional 
board's  Executive  officer  If  the  discharger  demonstrates  that  the 
equivalent  liner  will  funotion  equal  to  or  better  then  the  above - 
specified  minimum  system.  Any  pad  designed  end  constructed  prior  to 
the  effective  date  of  this  Order  nay  utilise  36  ail  reinforced  liners 
at  the  edges  of  the  pads. 

5.  The  pregnant  and  intermediate  solution  ditches  (which  are  not  trunk 
ditches)  and  adjacent  solution  collection  and  freeboard  areas  shall  be 
lined  with  a  reinforced  wee ther* res is tent  synthetic  liner  whiob  has  a 
miniaua  thickness  of  36  nils  and  a  permeability  which  does  not  exceed 
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I  x  I0mt*   cm/sec ,  or  en  equivalent  liner  approved  by  the  Executive 
Of fleer. 

6.  Eaeh  cyanide  aolution  containment  basin,  each  cyenide-beering  aludge 
conc«inafliic  basin,  And  each  trunk  cyanide  solution  transport  ditch, 
shall  b«  underlain  by  *  double  liner  vith  a  Is achate  oelltctlon  and 
rsaovel  system  installed  becveen  Che  two  synthetic  liners,  or  en 
equivalent  double  containment  system  approved  by  the  Executive  Officer 
prior  to  construction.  Eech  synthetic  liner  Shell  new  *  permeability 
which  does  not  exceed  1  x  10"*'  em/«ec.  the  bottom  liner  shall  have 
a  alnlmaa  thickness  of  40  ails.  The  upper  liner  shell  be  equivalent 
to  a  rainforeed  veather-reslstant  synthetic  materiel  vith  s  alnlaun 
thickness  of  36  silt.  Eaoh  basin  shall  contain  «  double;- lined  leek 
detection  end  withdrawal  sump.  Each  double* lined  trunk  transport 
ditch  shell  contain  leak  detection  and  withdrawal  sumps  at 
approximately  1,000* foot  intervals.  The  double  liners  vith  leschate 
collection  end  removal  system  shell  extend  up  the  sldewalls  to  at 
least  the  following  heights  (vertical)  above  the  maximum  working  depth 
of  the  cyanide  solution  end/or  sludge  contained  therein: 

e.  2.0  feet  as  regards  basins 

b.  1.3  feet  as  regards  trunk  transport  dltehes  (except  es  required 
in  Specification  Ho.  10,  below). 

the  remaining  sidewalls  of  both  basins  and  transport  ditches  shall 
have  a  single  36  alls  reinforced  weether-resistant  synthetic  liner, 
or  an  equivalent  liner  approved  by  the  Regional  boacd'a  Executive 
Officer,  Other  design  details  for  protection  of  the  quality  of  the 
State  waters  shall  also  be  approved  by  the  Executive  Officer.  If 
tanks  are  used  for  containment  of  processing  solutions ,  such  tank* 
sbsll  be  situated  within  a  lined  and  diked  srea  designed  to  contain 
■potential  spillage  or  leakage  of  the  entire  tank  volume  and  either: 
(1)  be  located  entirely  above  ground,  or  (2)  provided  with  a  double 
liner  and  leak  d«  taction  and  recovery  suarp  if  located  partially 
underground.  Tank  designs  shall  also  comply  with  other  applicable 
laws  and  regulations,  lined,  diked  areas  for  the  sole  purpose  of 
temporary  storage  (less  than  60  days)  of  tank  leakage  and/ot 
infrequent  storm  run-off  from  the  processing  area  shall  have  a  single 
36  all  reinforced  weather-resistant  synchetio  liner,  or  an  equivalent 
liner  approved  by  the  Executive  Officer. 

7 .  The  liner  system  shall  be  documented  by  the  discharger  and  approved  by 
the  Executive  Officer  to  be  able  to  withstand  the  static  and  dynamic 
loads  that  vill  be  applied  to  the  liner  system. 

8.  All  drainage  and  collection  facilities  used  to  contain  or  transport 
leaching  solutions  shall  be  effectively  sealed  to  prevent  leakage  of 
these  liquids. 

9.  The  processing  area  shall  bs  protected  from  any  run-on,  washout,  ot 
erosion  vhich  could  occur  as  a  result  of  a  storm  having  a  predicted 
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frequency  of  once  In  100  yeart ,  and  bittd  on  tie*  of  concentration  at 
the  processing  area,  as  eat  forth  in  Department  of  Vater  R#«ource» 

Sulleein  No.  195  for  tl  Centra,  Blythe,  and  Hayfield,  California  and 
Yuaa,  Arltona.  The  average  value  ahall  be  taken  froa  these  four 
reporting  atations. 

10.  The  heap  leech  processing  area  ahall  be  diked,  «nd  containment  basins 
(or  an  equivelent  storage  facility)  ahall  ha  provided  to  contain  all 
a  torn  water  drainage  froa  tba  pilot  and  fro*  the  cyanide  aolution 
collection  and  tranaport  facilities  during  a  Maximum  probable  ona-hour 
•  torn,  ea  aat  forth  in  Depertaent  of  Vatar  Haaoureaa  Bulletin  Ho.  195 
for  El  Centro,  Blythe,  and  Hayfield,  California  and  Yuma,  Arlaona.  The 
average  valua  (5.0  inchaa)  taken  froa  thaaa  four  reporting  ttatlona  la 
to  bo  uaad.  In  addition,  containment  capacity  ahall  ha  provided  for 
24  hours  of  eyanida  aolution  dreindovn  froa  the  piles.  Alio,  atandhy 
emergency  faeilltiaa  ahall  he  available  to  assure  continual  circulation 
of  the  leeching  solution  if,  at  any  ti«e,  it  la  determined  that  a 
planned  proceeaing  configuration  or  rata  could  in  an  eaergency  result 
in  a  flow  in  axcasa  of  existing  basin  storage  capacity.  The  additional 
atom  storage  capacity  ahall  be  provided  before  the  nev  processing 
configuration  la  a tax  tad. 

11.  the  impoundment  area  dikes  and  containment  basins  •hell  provide  at 
least  tvo  feet  of  freeboard  above  the  storage  voluaea  required  in 
Discharge  Specification  Ho.  10  above.  Transport  ditches  at  the 
dovngradient  perimeter  of  the  process  area  shall  include  at  least  tvo 
feet  of  freeboard  for  flov*  during  a  100-year  storm  frequency  and  the 
ditch  capacity  with  freeboard  ahall  have  an  tx^M.  capable  of 
transporting  runoff  froa  the  aexlaua  probable  one-hour  atora. 

12.  There  ahall  be  no  discharge  of  proceaa  wastewater  at  any  location 
without  prior  approval  froa  the  Regional  Board. 

13.  Adequate  neasures  shall  be  taken  to  insure  that  liners  vill  not  be 
punctured  far  the  duration  of  the  leaching  activity. 

14.  Leached  ore  residual  ahall  not  be  placed  in  perennial,  intermittent, 
or  cpheaeral  streea  channels  unless  provisions  are  made  to  divert 
runoff  around  the  vasts  in  a  non*eroeive  Banner.  Waste  ahall  not  be 
placed  vhers  it  can  be  eroded  by  streaa  flows  or  cause  eoeelerated 
atreaabank  erosion. 

15.  Prior  to  removal  of  leach  ore  residue  froa  an  Impervious  pad.  for 
disposal,  the  cyanide  contained  therein  shall  be  neutralised  as 
daacrlbed  in  Discharge  Specification  Ho.  19,  belov. 

16.  Ore  residua  aay  be  abandoned  on  a  pad,  provided  the  cyanide  in  the  ore 
is  neutralized  as  described  in  Discharge  Specification  No.  19,  below. 

17.  All  industrial  waste  material*  not  covered  by  eaid  Article  7, 
Subchapter  15  ahall  be  discharged  at  a  Regional  Board- approved  waate 
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management  unit.  Any  hazardous  vests  container*  shall  V*  rendered 
unusable  prior  to  final  disposal. 

18.  Adequate  muutii  shall  be  taken  to  uturi  that  vmauthoritad  parsons 
are  «£fectlv«ly  excluded  fro*  the  preceeelng  ar«a. 

19.  When  abandoning  leeched  or*  residua,  the  procedure  for  determination 
of  whether  fraa  cyanide  (CH*)  in  tha  ore  residua  hss  Veen  neutralised 
co  a  satisfactory  levsl  shall  be  as  follows: 

a.  A  sampling  grid  of  the  ore  pile  or  segment  on  the  leaeh  pad 
shall  be  submitted  that  is  acceptable  to  tha  Executive  Officer. 
Tha  sampling  grid  shall  contain  a  total  of  at  least  ten  stapling 
locations  on-  the  ore  pile  or  segment  being  abandoned. 

b.  The  sample  to  be  analysed,  from  each  sampling  location  shall 
contain  100  grams  as  an  aliquot  of  ssmples  taken  as  set  forth 
below,  exempt  that  no  sample  shall  be  taken  within  three  feet 
above  the  plastic  liner  unless  special  provisions  are  made  to 
svoid  penetreting  the  liner  or  for  sealing  said  penetrations: 

1.  An  ore  pile  thirty  feet  or  less  in  depth  shell  have 
samples  taken  et  23,  50  and  75  percent  of  die  depth. 

2.  An  ore  pile  greater  than  thirty  feee  in  depth  shell  have 
samples  taken  every  ten  feet  of  depth. 

c.  The  sample  analysis  procedure  shall  be  set  forth  in 
Attachment  A. 

d.  The  maximum  allowable  free  cyanide  (CH»)  shall  not  exceed  the 
following  levels  in  the  filtrate  portion  of  s  5/1  extraction. 

1.  90  percent  of  et  least  10  saaplea  shall  contain  less 
than  5  ag/1  free  cyanide  (CN-)  In  the  flltrete. 

2.  Kone  of  the  saaples  shall  contain  sore  than  10  eg/1  free 
cyanide  (ON)  In  the  filtrate. 

e.  For  any  sampling  location  that  indicates  a  free  cyanide  level 
In  exoees  of  10  mg/1  in  the  filtrate,  the  areal  extent  of  the 
inadequately  detoxified  area  shall  be  determined  and  detoxified 
so  that  the  cyanide  levels  in  that  partleulsr  ore  pile  vill 
oomply  with  the  limitations  contained  in  Specification  *o.  19 
(d)  1  and  2.  above. 

20.  Adjacent  and  contiguous  ore  piles  or  segments  shall  also  be  eanpled 
simultaneously  when  any  pile  or  segment  is  to  be  abandoned.  If  any 
additional  processing  la  done  In  the  sampled  areas,  the  pilas  *nd 
segments  tested  will  require  additional  rinsing  end  resting  prior  to 
abandonment. 
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21.  Tht  discharger  shall  aeintain  the  »onlteriTig  systea  approved  by  the 
Executive  Officer  in  writing,  Including  ground  water  well*,  vadose 
tone  ©ord  coring  systems,   end  hydrettatie  pressure  f«ns«rs. 

22.  Specif id  locations  of  •atelllte  leaching  areas  which  ere  not  within 
existing  northern  leach  ped  eree  or  Section  16,  shell  be  subject  to 
review  end  approval  by  the  Executive  Officer. 

23.  At  leeet  60  days1  prior  to  eoaaenceeefit  of  construction  of  eech 
component  of  the  facility,  the  discharger  shall  rubait  to  the  Board, 
for  Approve!  by  the  Executive  Offleer  a  technical  report  -which  shell 
include  a  plea  shoving  in  detail  the  proposed  cerna true t ion  of  that 
oosponent. 

24.  At  least  10  days  prior  to  eoaseenoeacnt  of  operations,  the  discharger 
shell  tubal t  to  the  Regional  Board  e  certificate,  signed  by  a 
California  Registered  Civil  Engineer,  statin*  that  the  pads, 
centeinaent  basins,  leakage  detection  system,  flood  protection  end 
attendant  facilities,  and  disposal  areas  are  constructed  in  accordance 
vith  the  technical  report  *m  approved  by  the  Exeoutive  Officer  to  aeet 
the  requirements  of  this  Order. 

25.  At  least  10  days  prior  to  loading  ore  onto  the  pads,  the  discharger 
shall  notify  the  Board  to  allow  sufficient  tie*  to  schedule  a  staff 
evaluation  of  construction  end  inspection  procedures  utilised  by  the 
discharger  for  liner  Installation. 

26.  Prior  to  any  significent  notifications  in  this  facility  which  could 
result  in  aster  lei  change  in  the  was tec  discharged,  or  any  materiel 
ehange  in  location  of  discharge ,  the  discharger  shall  report  in  writing 
eo  the  Regional  Board,  allowing  sufficient  tine  for  Boerd  consideretlon 
end  action. 

27.  The  discharger  shall  submit  to  the  Regional  Board,  at  least  30  days 
prior  to  eoaaencenent  of  the  herein  etsted  expended  operations,  written 
adequate  assurance  that  money  is  comaitted  in  an  amount  sufficient  to 
insure  detoxification  of  ell  cyanide,  plus  cleanup  and  cloeure  of  the 
processing  and  tailings  disposal  slta  upon  absndorasent  of  facilities, 
in  e  aartaar  that  will  not  adversely  affect  water  quality.  If  the 
dlscherger  presumes  that  the  expanded  operations  should  not  require 
significant  change  in  the  amount  of  funds  previously  set  aside,  the 
discherger  aey  aubaic  e  lector  for  the  Regional  Boerd  Executive 
Officer's  conaideretion,   stating  thee  a  change  i*  not  werxanted. 

28.  The  discharger  shell  install  devieee  In  each  new  ore  pile  to  aeasure 
solution  depth  (hydraulic  heed)  above  the  liner. 


1   60  day*  unless  a  lesser  period  is  approved  by  the  Executive  Officer 
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29.  The  dlacherger  th*U  Install  a  daviea  foe  tateinj  tha  laak  detection 
iyttea  of  aach  dovtbla-Lln*4  containa»nt  baain.  Said  taatlng  ahall  b* 
aubjact  to  approval  by  tha  Exacutiv*  Offlcar, 

8.     ?rovialena 

1.  Tha  diecharger  ahall  coaply  with  "Monitoring  and  Reporting  Fregraa  Xo. 
89.034"  and  fucura  revision*  thereto,  aa  apaclflad  by  tha  Rxecutlve 
Offices. 

2.  Lack  of  construction  at  operational  activity  on  the  «ite  foe  a  par  led 
of  one  year  aball  constitute  abandotsant  for  tha  purpoaa  of  this  0rd*r . 

IT  IS  FURTHER  ORDERED  that  Board  Ordar  Mo.  87 -A4  ba  aupersadad  by  this  Order. 

I,  Phil  Gruanberg,  Executive  Officer,  do  hereby  certify  the  foregoing  is  a  full,  true 
and  correct  copy  of  en  Order  adopted  by  the  California  Regional  Water  Quality  Control 
fcoard,  Colorado  River  3a*in  Region,  on      Ma?  17.  19S9 


qfrb-A- 


Executive  Offieer 
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GAU7CWIA  IXOIOKAL  VaT»  QVALXTT   CONTROL   &OA*I> 
COLOLLDO  HIVE*  BASIN  UGION 

MONITORING  AND  RETORTING   PRCCRArt  NO,    89-036 

FOR 
COLO  FIELDS  OPERATING  CO.    -  MZSQUITE 
Northeast  of  Clanis  -  Imperial  County 

Location  of  Discharge:     Sections  3,   4,    5,   6,   7,   8, '9,   10,    15,   16.   17.   18,   19  & 

20,  T13S,  50.98.   SBB-Stf 

Cold  Fields  Operating  Co.  -  Mesquite  (discharger)  shall  report  to  the  Regional 
Board  conc«ming  the  following: 

Monttorlnt  and  Reporting  No.  } 

The  discharger  shall  eubait  to  the  Regional  Board  monthly  reports  containing  th« 
fol loving: 

A.  The  current  statu*  of  aining  operations  as  to  whether  the  operation  is. 
active  or  inactive. 

B.  An  estimate  of  the  total  amount  of  ore  (tons)  presently  being 
processed. 

C.  The  amount  of  liquid  collected  in  each  seepage  detection  sump  and  the 
period  of  time  since  the  lest  evacuation. 

D.  Analysis  for  free  cyanide  slid  tot«l  cyanide  in  ground  vacer  froa  each 
ground  vacer  aonltoring  veil,  and  of  any  vater  found  in  each  seepage 
detection  sump 

E.  Analysis  for  free  cyanide  artd  total  cyanide  for  any  liquid  found  in  the 
vadose  aon«  aonltorlng  ays ten. 

MpflltPTing  Mw.Fwrtlng  ifai  z 

A.  Immediate  reporting  of  any  accidental  spillage,  leakage,  or  release  of 
waste  aaterlal,  Including  Immediate  aeaeures  being  taken  to  correct 
same  and  limit  detrimental  effects. 

B.  Upon  request  from  this  Regional  Board's  Executive  Officer,  the 
discharger  shall  furnish  special  technical  and/or  monitoring  reports 
on  the  treatment  and  discharge  of  vaatss,  end  on  th«  Integrity  of  the 
cyanide  solution  containment  ays tea. 

C.  The  discharger  shall  submit  quarterly  reports  shoving  present  and 
planned  drainage  parameters.  These  drainage  parameters  shall  shov 
compliance  vith  Discharge  Specifications  A-9  and  A-10  of  this  Board 
Order. 

D.  At  least  30  days  prior  to  any  proposed  abandonment  of  leached  ore 
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residues  or  discharge  of  wastewater,  or  termination  of  the  operation 
described  in  this  Order,  the  discharger  shell  subait  «  copy  of  the 
results  of  analyses  of  the  cyenide  concentration  in  the  leeched  ore 
residue  end  in  the  wastewater  in  accordance  vlth  Diacharge 
Specification  No.  19,  end  shall  request  s  Regional  Board  Staff 
inspection  to  appro^a  the  proposed  discharge  or  cleanup  procedure. 

E.  Raport  of  ooapletion  of  cleanup  of  previses  shall  be  submitted  to  the 
Regional  Board  in  writing  within  one  week  following  coapletion  of 
work. 

the  above  monitoring  program  shall  be  implemented  snd/or  maintained  immediately 
upon  adoption  of  Order  No.  89*034. 

Quarterly  reports  shall  be  submitted  to  the  Regional  Board  by  January  12,  April 
IS,  July  15  and  October  IS  -of  each  year.  Monthly  reports  shall  be  aubnitted  to 
tha  Regional  Board  by  the  15th  day  of  the  following  month.  Reports  for  Item  2a. 
(above)  shall  be  forwarded  immediately  and  If  at  all  possible  shall  be  preceded 
by  phone  communication  to  the  Regional  Board's  office.  Phone  No.  (619)  346- 
7491.  Copies  of  the  report  submitted  to  the  Board  pursuant  to  this  Monitoring 
and  Reporting  Program  shall  be  maintained  at  the  operations  site,  and  shall  be 
made  available  to  staff  of  the  Regional  Board  upon  request. 

Kail  Reports  to; 

California  Regional  Vater  Quality  Control  Board 
Colorado  Rivar  Basin  Region 
73-271  Highway  111,  Suite  21 
Palm  Desert,  ga  92260 

ORDERED  BY: 


.May  17.  12SS 
Date 
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CALITOIHIA  UCIOSAL  WATXA  QOAUTT  CONTIOL  WalD 
COLORADO  UVOL  WUIK  aJEGXOS 

AXXftffltlgfT  A  XQ  qftPBLfftt,   g?»g34, 

AKALTTICAL  ffcOCEDURg 

FOR 

XOHIC  CCAKIDE 

Also  known  *«  free  soluble  cyanide 

i:  Ionic  cyanide  and  acst  week  complexes  are  soluble  in  die  tilled  water. 
Tho  strong  complexes  of  torn,  although  normally  tollable,  are  bound  too  tightly  to  the 
particle  eurfaee  and  are  not  solubilixed.  The  aaaple  is  leached  with  distilled  water 
in  a  single  pass,  flcw-through  Banner.  The  leachate  is  collected,  alkalited  for 
preservation ,  and  stade  up  to  a  definite  voluae.  This  leachate  sample  is  than  analysed 
via  "Standard  Methods"  412  C  or  S.  Kethod  412  D  a«y  not  be  used. 

Apparatus: 

1)  Large  glass  funnel,  tha  atea  throat  plugged  with  glass  wool; 

2)  Large  glass  funnel  with  glass  fiber  filter  paper:  Whataan  CF/G.934- 
AH,  or  equivalent. 

3)  Balance  capable  of  weighing  to  nearest  0.01  g, 

4)  500  ml  voluaetrie  flasks, 

5)  Items  necessary  to  pcrfora  cyanide  analysis  as  described  in 
narrative  above, 

Eaagejafiaj 

1)  2,3  S  NaOH  (100  g  WaOH/1) 

2)  Reegents    necessary    to   perforv    cyanide    analysis    as    described    in 
narrative  above. 
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Weigh  out,  to  nt«i«  0,01  g,  100±1  $  Of  tuples  mm  received.  Place  in  gl*8»  funnol, 
either  ghu  wool  plugged  of  vith  filter  paper,  Add  30.00  al  of  2,5  R  ,1aOH  to  500  nl 
volumetric  flask  end  piece  it  so  *s  to  oetch  the  filtrate  fr©a  the  funnel.  Four  50 
al  of  distilled  <or  deionized  )  crater  onto  the  solid  a asp I e  end  eilov  eo  percolats 
through.  When  liould  level  is  even  with  the  top  of  the  of  the  solids,  add  an 
additional  50al  of  water.  Repeat  the  addition  of  vater  until  e  total  of  400  al  HaO  has 
been  used.  Keke  up  volume  in  volumetric  flask  to  eark  wtth  distilled  vsttr.  This 
constltutis  the  seaple  ready  for  analysis. 

The  ticraaetrio  (412C)  end  the  ion  selective  probe  (412B)  require  no  further 
preparation.  The  sample  is  then  read  directly  by  either  titraaetric  (412C)  or  the  ion 
selective  probe  (4122)  end  the  results  reported  in  eg/1  CCN-) 
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APPENDIX  B 
EXCERPTS  FROM  USGS  STUDIES 

B.  1  PRELIMINARY  APPRAISAL  OF  GROUND  WATER  IN  STORAGE 

WITH  REFERENCE  TO  GEOTHERMAL  RESOURCES 

IN  THE  IMPERIAL  VALLEY  AREA,  CALIFORNIA 

(DUTCHER,  ET  AL.,  1972) 

B.2  GEOHYDROLOGIC  RECONNAISSANCE  OF 
THE  IMPERIAL  VALLEY,  CALIFORNIA 

(LOELTZ,  ET  AL.,  1975) 


APPENDIX  B.l 

PRELIMINARY  APPRAISAL  OF  GROUND  WATER  IN  STORAGE 

WITH  REFERENCE  TO  GEOTHERMAL  RESOURCES 

IN  THE  IMPERIAL  VALLEY  AREA,  CALIFORNIA 

(DUTCHER,  ET  AL.,  1972) 


PRELIMINARY  APPRAISAL  OF 
GROUND  WATER  IN  STORAGE 
WITH  REFERENCE  TO 
GEOTHERMAL  RESOURCES  IN  THE 
RgRIAL  VALLEY  AREA, 
PORNIA 
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Figure  1. — Index  map. 


Nevertheless,  the  large  deep  structural  basin  geothermal  basin.  Research  and  exploration  of 

filled  with  low  to  moderately  permeable  rocks  the  gothermal,  water,  and  chemical  resources 

having  substantial  porosity  and  therefore  con-  of  the  basin  are  being  continued  by  public  and 

taining  a  substantial  quantity  of  water  in  an  private  agencies.  The  goal  is  to  determine  the 

area  of  higher  than  average  heat  flow  has  ere-  extent  and  value  of  the  resources  and  the  tech- 

ated  widespread  interest  in  the  Salton  Trough  nical  means  of  their  economic  use. 
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Figure  2. — Location  of  wells,  springs,  and  hydrologic  sections  in  Imperial  and  Mexicali  Valleys. 


Figure  2. — Continued. 
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Figure  9. — Hydrologic  section  A-A'. 
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At  the  Salton  Sea  hydrothermal  field,  the 
geothermal  gradient  in  zone  1  (in  the  deposits 
extending  to  a  depth  of  about  3,000  ft  below 
the  surface)  averages  nearly  10°C  per  100  feet 
(fig.  6).  In  that  entire  zone  heat  flux  is  proba- 
bly dominated  by  conduction.  At  depths 
greater  than  3,000  feet  heat  flux  is  probably 
dominated  by  convection.  At  Cerro  Prieto  the 
geothermal  gradient  in  zone  1  (the  deposits 
extending  to  about  2,400  ft  below  the  surface) 
also  averages  about  10°C  per  100  feet  and  heat 
flow  is  also  probably  dominated  by  conduction 
in  those  deposits;  at  depths  greater  than  2,400 


feet    heat    flow    is    probably     dominated     by 
convection. 

At  well  85  (U.S.  Bur.  Reclamation  well  116) 
southeast  of  Holtville  the  average  geothermal 
gradient  in  zone  1  (only  1,400  ft  tested)  aver- 
ages about  7°C  per  100  feet,  in  a  zone  where 
conduction  presumably  dominates. 

In  the  areas  outside  the  known  hot  spots,  in 
most  of  the  system,  all  available  data  indicate 
that  in  zones  having  heat  flux  probably  domi- 
nated by  conduction,  geothermal  gradients 
range  from  less  than  1°C  per  100  feet  across 
some  thick  zones  to  as  much  as  2°  or  3°C  per 
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FIGURE   11. — Hydiologic  section  C-C. 


a  depth  only  slightly  greater  than  that  reached 
by  the  drill. 

At  well  61,  southeast  of  Holtville,  a  deep 
convection  cell  probably  exists  at  a  depth  sev- 
eral thousand  feet  deeper  than  that  reached  by 
the  drill. 

Within  the  convection  cells  at  the  Salton  Sea 
and  Cerro  Prieto  fields,  the  temperature  gra- 
dients are  much  lower  than  where  the  heat 
flux  is  dominantly  by  conduction  (fig.  6).  Pre- 
sumably the  temperatures  of  the  upflowing 
fluids  throughout  the  cell  are  only  slightly 
below  the  reference  boiling-point  curve  for  the 
brine  solution  analyzed.  The  temperature  is 
slightly  below  the  reference  curve  probably  be- 


cause of  partial  pressures  of  gasses  in  the  sys- 
tem (fig.  6) . 

THE   DYNAMIC  SYSTEM 

Most  basic  elements  and  mechanisms  of  the 
Imperial  Valley  area  hydrothermal  system  can- 
not yet  be  measured  directly.  A  satisfactory 
conceptual  model  of  the  system  must  represent 
the  mechanisms  and  elements  of  the  prototype, 
insofar  as  the  available  data  permit  the  system 
to  be  understood.  The  mechanisms  proposed 
for  the  system  must  be  compatible  not  only 
with  available  data  but  also  with  principles  of 
chemistry  and  physics. 
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Line  dividing  source  of  water  derived 
from  local  mountains  and  water 
derived  from  Colorado  River  area, 
prior  to  importation  of  water 


APPROXIMATE   MEAN 
DECL1NAT I  ON    191  I 


CONTOUR    INTERVAL   50    AND   500    FEET 
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Figure   13— Ground-water-level   contours   of   shallow   aquifer   system,    1«J(;2   and    190-1,   in   Imperial   and    Mexicali 

Valleys. 
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Figuue  13. — Contirued. 
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Table  2. — Usable  and  recoverable  water  at  temperature  of  150°C  or  more 

[Estimates   in  millions  of  acre-feet] 


Source  San<l 

Hills 

Colorado    River    10 

Local     .91 

Rounded  total 11 


Storage  in   areal  subunits 


East 
Mesa 


48 
2.9 


51 


Main 
valley 


69 
60 


129 


West 
Mesa 


0 
5.6 


5.6 


liounded 
total 


127 
70 


197 


Percentage 
of  total 


64 
36 


directly  from  the  canals  that  drain  the  irri- 
gated land. 

The  area  of  the  Sand  Hills  subunit  is  about 
450  sq  mi,  that  of  the  East  Mesa  subunit  about 
350  sq  mi,  and  that  of  the  West  Mesa  subunit 
about  465  sq  mi.  About  350  million  acre-feet  of 
usable  and  recoverable  water  is  contained  in 
zone  1  (see  table  3). 

WATER  AT  TEMPERATURES  MORE  THAN    150°C 

The  areal  extent  of  usable  water  at  a  tem- 
perature more  than  about  150°C  is  shown  in 
figure  20.  Such  water  is  widespread;  we  believe 
it  underlies  almost  all  of  the  Imperial  Valley 
area  and  is  absent  only  along  the  marginal 
parts  of  the  valley  beneath  strips  of  land  a  few 
to  10  or  more  miles  wide.  The  thickness  of 
rocks  containing  usable  water  at  150°C  or 
more  ranges  from  0  to  more  than  8,000  feet. 
The  estimated  average  porosity  of  the  reser- 
voir rock  is  about  10  percent. 

Figure  20  shows  the  thickness  of  four 
known  areas  with  deposits  containing  usable 
hot  water  at  more  than  150°C.  Southeast  of 
Holtville  the  deposits  are  more  than  8,000  feet 
thick,  near  Heber  about  5,000  feet  thick,  and 
near  both  Ogilby  and  Westmoreland  about 
6,000  feet  thick.  In  much  of  the  area,  however, 


the  thickness  of  deposits  with  usable  water  at 
a  temperature  of  150°C  or  greater  is  only 
1,000-2,000  feet. 

The  total  estimated  usable  water  in  storage 
having  a  temperature  of  150°C  or  more  (table 
2)  is  rounded  to  about  200  million  acre-feet. 

On  the  basis  of  the  data  available  regarding 
the  probable  source  of  the  water,  about  64  per- 
cent or  about  127  million  acre-feet  is  derived 
from  the  Colorado  River,  and  36  percent  or 
about  70  million  acre-feet  is  from  local  sources. 


SUMMARY  OF   USABLE  AND  RECOVERABLE  WATER 

Preliminary  estimates  of  total  usable  and  re- 
coverable water  in  storage  are  summarized  in 
table  3.  Total  usable  and  recoverable  water  in 
storage  is  estimated  to  be  1.1  billion  acre-feet. 
This  compares  to  a  quantity  in  storage  of 
1.6-4.8  billion  acre-feet  previously  estimated 
by  Rex  (1970,  p.  14).  Of  that  amount,  about 
190  million  acre-feet  is  contained  in  the  four 
vertical  depth  zones  beneath  the  Sand  Hills 
storage  unit  (fig.  16),  about  280  million  acre- 
feet  underlies  the  East  Mesa  area,  about  430 
million  acre-feet  is  beneath  the  main  valley  ir- 
rigated area,  and  about  215  million  acre-feet  is 
beneath  the  West  Mesa  area. 


Table  3. — Summary  of  usable  and  recoverable  water  in  the  Imperial  Valley  area, 
California,  containing  less  than  35,000  mg/l  dissolved  solids 

(Estimates  in  millions  of  acre-feet] 


Vertical 

Storage   in   areal   subunits 

zone 

Sand  Hills 

East   Mesa                        Main   valley                     West   Mesa 

Total 

1 

2 
3 
4 

Rounded 

126 

28 
38 

.1 

103                             0                          120 
89                         181                            63 
67                         170                           29 
19                             77                               2.4 

319 

360 

304 

99 

total 

190 

280                         430                         215 

1,100 

Percentage 
in  each 
areal 
subunit 

17 

25                           39                           19 

100 
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PcrcfiitiiKu   in 

each 
ileplh    zone 

31 
32 

28 
9 


Table  4. — Summary  of  usable  and  recoverable  water  in  storage  derived  from  the  Colorado  River  avd  local  sources 

[Estimates  in   millions  of  acre-feet] 


Vertical 
depth   zone 

River 

Storage  in  a  real 

suliunits 

Total 

Percentage 

Sand   Hills 

16 
110 

East   Mesa 

Main   valley 

West   Mesa 

in  each 
depth   zone 

Zone  1: 
Local 
Colorado 

6 
97 

0 
0 

119 
.9 

141 

208 

31 

Zone  2: 
Local 
Colorado 

River 

2.6 

25 

4.7 
84 

75 
106 

63 

0 

145 
215 

32 

Zone  3: 
Local 
Colorado 

River 

5.3 
_       32 

4.8 
63 

68 
102 

29 
0 

107 
197 

28 

Zone  4: 
Local 
Colorado 

River 

0 
.1 

191 

0 
19 

279 

16 

263 

24 
53 

428 
167 
261 

39 
61 

2.4 
0 

26 
72 

9 

Totals: 

214 
213 
.9 

100 
0 

1,112 
420 
692 

Lo< 

Co: 

:al 

lorado  River 

total : 
River 

24 
__   167 

38 
62 

Percentage  of 
Local 
Colorado 

13 

_       87 

6 
94 

38 
62 

The  vertical  distribution  (fig.  9)  of  the  usa- 
ble and  recoverable  water  in  storage  is  about 
as  follows:  vertical  depth-zone  1  (from  the 
water  table  to  a  depth  of  3,000  ft  in  most  of 
the  area),  about  350  million  acre-feet;  depth- 
zone  2  (from  3,000  ft  to  a  water-temperature 
depth  of  100°C  in  most  of  the  area) ,  about  360 
million  acre-feet;  depth-zone  3  (from  a  water- 
temperature  depth  of  100°C  to  a  depth  of 
8,000  ft  in  most  of  the  area) ,  about  300  million 
acre-feet;  and  depth-zone  4  (at  a  depth  greater 
than  8,000  ft),  about  100  million  acre-feet. 

Preliminary  estimates  of  total  usable  and  re- 
coverable water  in  storage  derived  from  local 
sources  and  the  Colorado  River  are  summarized 
in  table  4.  Of  the  approximate  total  1.1  billion 
acre-feet  in  storage,  about  420  million  acre-feet 
or  about  38  percent  was  probably  derived  from 
local  sources  and  about  690  million  acre-feet  or 
about  62  percent  was  probably  derived  from 
the  Colorado  River. 

RELIABILITY  OF  THE  ESTIMATES 

The  probable  percentage  error  for  the  esti- 
mates compiled  in  this  report  cannot  be  deter- 
mined. Data  are  not  available  on  which  such 
error  estimates  could  be  based.  In  fact,  if  it 
had  been  required  at  this  stage  that  such  esti- 
mates be  based  on  standard  methods  of  compu- 
tation, using  only  data  that  would  ordinarily 
be  termed  of  minimum  acceptable  accuracy,  in 


the  amount  ordinarily  acceptable,  and  having 
the  usually  required  pattern  of  distribution 
throughout  the  system,  it  would  have  been  im- 
possible to  compile  the  estimates. 

The  logic  on  which  the  great  extrapolations 
could  be  based  had  to  be  developed  by  formu- 
lating a  conceptual  model  of  the  sedimentary 
basin,  considering  the  elements  and  mecha- 
nisms of  the  hydrothermal  system.  Both  mod- 
els had  to  take  into  consideration  all  available 
data  and  information  available  at  the  present 
time  (June  1971).  Therefore,  the  accuracy  of 
the  estimates  of  usable  and  recoverable  water 
in  storage  in  the  system  is  directly  related  to 
how  adequately  the  conceptual  model  of  the 
system  represents  the  prototype.  How  nearly 
the  conceptual  model  agrees  with  the  prototype 
cannot  be  determined  until  considerable  addi- 
tional data  are  collected  and  much  further  re- 
search is  completed.  Until  additional  data  are 
generated  and  much  new  research  is  done,  the 
estimates  must  be  considered  usable  engineer- 
ing approximations;  all  planning,  including  de- 
velopment of  the  resources,  research,  and  fu- 
ture data-collection  programs,  should  be  based 
on  that  understanding. 

SIGNIFICANCE  OF   PRODUCTION   METHODS 

Although  the  estimates  of  recoverable  water 
(tables  2,  3,  and  4)  in  the  Imperial  Valley  area 
were  based  on  an  assumption  that  all  water  in 


47 
B.l-14 


APPENDIX  B.2 

GEOHYDROLOGIC  RECONNAISSANCE 
OF  THE  IMPERIAL  VALLEY,  CALIFORNIA 

(LOELTZ,  ET  AL.,  1975) 


Geohydrologic  Reconnaissance 
of  the  Imperial  Valley,  California 

By  O.  J.  LOELTZ,  BURDGE  IRELAN,  J.  H.  ROBISON,  and 
F.  H.  OLMSTED 

WATER    RESOURCES   OF   LOWER   COLORADO   RIVER-SALTON   SEA   AREA 
GEOLOGICAL     SURVEY     PROFESSIONAL     PAPER     486-K 


UNITED     STATES     GOVERNMENT     PRINTING     OFFICE,     WASHINGTON  :    1975 

B.2-1 


CONTENTS 


Pnpie 

Abstract Kl 

Introduction 2 

Purpose  of  the  investigation     3 

Location  and  climate 3 

Previous  investigations     3 

Methods  of  investigation 3 

Acknowledgments    3 

Well-numbering  system 5 

Geologic  setting 5 

Landforms 5 

Eastern  Imperial  Valley 5 

Central  Imperial  Valley 6 

Western  Imperial  Valley 6 

Structural  features 7 

Cenozoic  stratigraphy 8 

Lower  to  middle  Tertiary  sedimentary  and  volcanic 

rocks 8 

Imperial  Formation 9 

Upper  Tertiary  and  Quaternary  predominantly  non- 
marine  deposits 10 

Paleohydrology  of  the  Salton  Trough 12 

Hydrology 13 

The  ground-water  reservoir 13 

Water-bearing  characteristics  of  the  rock 14 

Definition  of  terms 14 

Pumping  tests 15 

Soil-moisture  studies 16 


Page 

Hydrology  —  Continued 

Sources  of  ground-water  recharge K19 

Colorado  River 19 

Imported  water 19 

Leakage  from  canals 19 

Underflow  from  tributary  areas      20 

Precipitation  and  runoff 20 

Movement  of  ground  water 23 

Discharge  of  ground  .vater 23 

Springs 23 

Wells 23 

Drains,  rivers,  and  upward  leakage 24 

Chemical  quality  of  the  ground  water 25 

Eastern  Imperial  Valley      25 

Chocolate  Mountains  piedmont  slope 25 

Pilot  Knob  Mesa-Sand  Hills  area 25 

East  Mesa 20 

Central  Imperial  Valley 28 

Western  Imperial  Valley . 30 

Lower  Borrego  Valley 30 

San  Felipe  Creek-Superstition  Hills  area 30 

Coyote  Valley . 31 

West  Mesa  and  Yuha  Desert 31 

References  cited 32 

Basic  data 35 


ILLUSTRATIONS 


Page 

Platk     1.     Map  showing  water-level  altitude  in  1965,  geology,  and  location  of  wells  and  springs In  pocket 

2.     Graphic  logs  of  test  wells  and  holes    In  pocket 

Figure   1.  Map  showing  area  of  report K4 

2.  Photograph  showing  view  across  Pilot  Knob  Mesa 6 

3.  PhotogTaph  of  desert  pavement 6 

4.  Photograph  of  fold  in  Brawley  Formation  of  Dibblee  (1954)     8 

5.  Composite  column  of  Salton  Trough,  showing  inferred  time  relations  of  stratigraphic  units 9 

6.  Photograph  of  upper  shoreline 12 

7.  Map  showing  location  of  pumping-test  and  soil-moisture-test  sites 16 

8.  Graph  showing  relation  between  counts  per  minute  obtained  with  the  soil-moisture  meter  and  moisture  content  of  the  soil  17 

9.  Graphs  showing  counts  per  minute  obtained  with  the  soil-moisture  meter  at  different  depths  below  the  land  surface  at 

selected  sites  in  Imperial  Valley 18 

10.  Graphs  showing  water  losses  in  selected  reaches  of  the  Ail-American  and  Coachella  Canals 21 

11.  Map  showing  change  in  ground-water  levels  in  East  Mesa,  1939-60 22 

12.  Map  showing  location  of  flowing  wells,  1960-64 24 

ill 


B.2-2 


K16 


WATER  RESOURCES  OF  LOWER  COLORADO  RIVER-SALTON  SEA  AREA 


"L~. 


california 1 

baTa'california 


Calexico 


,16 


10 


i'i  hy 


15   MILES 

_l 


I I 
10       15  KILOMETERS 


EXPLANATION 

TMJ.18 

Pumping-test  site  Soil-moisture-test  site 

Number  refers  In  LCRP  well.  Number  refers  to  field  number 

Initials  identify  owners  of  other  shown  in  table  2 

wells.     See  table  I 


Fici'RF.  7.  —  Location  of  pumping-test  and  soil-moisture-test  sites 
SOIL-MOISTURE  STUDIES 


The  moisture  content  of  soil  profiles  was  determined 
at  18  sites  in  Imperial  Valley  (fig.  7).  A  neutron  probe 
was  lowered  inside  access  holes  of  1.62-inch  ID  steel  tub- 
ing, generally  driven  to  depths  of  about  16  feet  below  the 
land  surface,  and  a  counting  rate  was  determined  at  1- 
foot  intervals.  From  the  counting  rate  the  moisture  con- 
tent of  the  material  at  a  particular  depth  was  deter- 
mined on  the  basis  of  the  relation  shown  in  figure  8.  This 
relation  was  inferred  from  specific  relations  between 
laboratory  determinations  of  moisture  content  or  poros- 
ity of  samples  and  the  respective  counting  rate  obtained 
with  the  soil-moisture  meter  for  the  samples  in  the  field; 
it  is  valid  only  for  the  conditions  under  which  the  data 
were  obtained.  Experiments  during  this  study  showed 
that  the  relation  changes  if  different  methods  are  used 
for  installing  the  tubing  or  if  other  kinds  and  diameters 
of  tubing  are  used.  Figure  9  shows  graphs  of  the  counts 
per  minute  that  were  obtained  with  the  soil-moisture 
meter  at  different  depths  below  the  land  surface  at  sev- 


eral sites  in  the  valley.  In  the  zone  of  saturation  —  that 
is,  below  the  water  table  —  the  rate  generally  is  7,000  to 
8,000  counts  per  minute,  which  corresponds  to  a 
moisture  content  of  41  to  48  percent  by  volume  of  the 
material.  The  high  counting  rate  sometimes  persists  for 
several  feet  above  the  water  table,  which  indicates  that 
the  lower  part  of  the  capillary  fringe  is  saturated  or 
nearly  saturated.  At  three  of  the  sites  the  counting  rate 
was  1,000  or  less  per  minute  for  a  part  of  the  depth 
tested.  The  low  counting  rate  is  related  to  the  slight 
moisture  content  of  the  material  above  the  capillary 
fringe;  1,000  counts  per  minute  corresponds  to  a 
moisture  content  of  somewhat  less  than  5  percent. 

The  difference  between  the  average  moisture  content  of 
the  saturated  material  and  that  of  the  material  above  the 
capillary  fringe  is  an  estimate  of  the  quantity  of  water  that 
will  go  into  storage  per  unit  volume  of  material  as  water 
levels  rise  in  an  area  where  the  capillary  fringe  does  not 
reach  the  land  surface.  Table  2  lists  the  moisture  content 
below  the  water  table  and  above  the  capillary  fringe  and 
the  difference  between  these  contents  at  each  site  where 
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Table  1.  —  Results  of  pumping  tests 

[Type  of  test:  D,  drawdown;  R,  recovery.  All  wells  completed  in  Quaternary  alluvium. 
LCRP,  Lower  Colorado  River  Project  of  U.S.  Geol.  Survey) 


Specific 

Date 

Type 

Interval 

Draw- 

capacity 

Transmissivity 

Conformance 

Well 

Owner  or  name 

of 

of 

tested  (ft 

Yield 

down 

in   gpm 

computed  from 

of  test  data 

(fig.  7) 

test 

test 

below  land 
surface) 

(gpm) 

(ft) 

per  foot  of 
drawdown 

tests 
(gpd  per  ft) 

to  theoretical 
values 

Indicated  average 
Reliability  Held  hydraulic 

of  computed  conductivity 

transmissivity  (gpdpersqft) 


Western  Imperial  Valley 


12S/  9E-22A2    -.T.M.Jacobs 

12S/11E-18J1 LCRP19 

18J2 LCRP19A 

14S/11E-32R LCRP  8 


7-29-63 

R 

285-    667 

1,450 

14 

100 

290.000 

5-20-64 

R 

310-    650 

150 

4 

38 

100,000 

5-20-64 

R 

35-      55 

45 

8.5 

5 

37,000 

5-11-62 

R 

135-    165 
218-    258 
310-    354 
390-    416 
430-    560 

250 

13 

19 

130,000 

Excellent Good     _ 

Fair Fair    __ 

do do 

Good     Good     _ 


760 

300 

1,800 

480 


Central  Imperial  Valley 

I5S/14E-18C 

17S/15E-10N 

Imperial  Irrigation 

District. 
do 

5-9-58 
5-16-58 

R 
R 

140-    440 
110-    450 

160               86                    2 
90               68                     1.3 

2.200 
1,700 

Good 

do 

Good       .    . 
do 

7 
5 

Eastern  Imperial  Valley 

12S/16E-9A 

_  Southern  Pacific 

7-9-63 

R 

150-1,000 

975 

43 

Co. 

7-9-63 

D 

150-1,000 

675 

27 

15S/18E-15M-. 

LCRP  11       

5-10-63 

R 

309-    894 

1,000 

20 

5-10-63 

D 

309-    894 

1.000 

20 

16S/18E-32R  .- 

LCRP  18 

6-29-64 

R 

140-    630 

900 

21 

16S/19E-1ID  .. 

.  LCRP  12 

5-14-63 

R 

300-    610 

990 

24 

16S/20E-31K  .. 

.  LCRP 6  

5-2-62 

R 

340-    410 
510-    520 

1,035 

12 

5-2-62 

D 

340-    410 
510-    520 

1,035 

12 

16S/21E-16B  __ 

.  R.  G  Winder 

12-4-62 

R 

598-    806 

1.550 

36 

12-4-62 

D 

598-    806 

1.550 

36 

23 
25 
50 
50 
43 
41 
85 


62.000 
47.000 
220.000 
220.000 
140.000 
240.000 
850.000 

880.000 

'630.000 
'590,000 


Excellent 
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__.do  _ 
Excellent 

do   . 

Good     _  _ 
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do 

do 

do 

do 

do 

do 
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'May  be  too  high  by  a  factor  of  2. 
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Fun  KK  8.  —  Relation 
moisture  content  of 
this  study 


between  counts  per  minute  obtained  with  the  soil-moisture  meter  and 
the  soil    The  line  is  dashed  where  the  relation  was  not  determined  for 


Table  2.  —  Moisture  content  and  storage  capacity  of  alluvium 

[All  quantities  in  percent  by  volume] 


Average 

■noisture  content 

Field  No. 

Storage 

(fig.  7) 

Location 

Below 
water  table 

Above 
capillary  fringe 

capacity 

1          

12S/14E-4K 

44 

2 

13S/13E-3E 

45 

.').-- 

1.1S/16E-35M 

2 

4 

15S/15E-35A 

41 

5 

15S/16E-27D 

45 

4 

41 

6    . 

1SS/16E-29D 

44 

7    _ 

15S/16E-29Q 

44 

8 

16S/12E-1M    . 

44 

9 

16S/12E-11E     _ 

43 

10 

16S/13E-2H 

45 

11 

16S/14E-7K 

43 

12 

16S/14E-19D 

46 

13    - 

I6S/15E-35P      -  _ 

41 

14 

16S/16E-3D 

41 

15 

16S/16E-I2P 

44 

16          _     . 

16S/16E-I2Q 

43 

3 

40 

17 

.   I7S/15E-5.1 

43 

8 

35 

18 

.   17S/15E-IOC 
Average  _. 

44 





43 

4 

39 

such  determinations  were  possible;  the  average  for  each  of 
the  determinations  is  also  given. 

The  average  moisture  contents  for  deposits  in  the 
Imperial  Valley  compare  favorably  with  moisture  con- 
tents for  flood-plain  deposits  in  the  other  valleys  in  the 
lower  Colorado  River  area  in  which  similar  studies  were 
made.  For  example,  at  11  sites  in  Parker  Valley,  Ariz., 
the  average  moisture  content  was  45  percent  in  the  zone 
of  saturation  and  6  percent  in  the  zone  above  the  capil- 
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COACHF.LT.A.  VALLET  PUMP  &  SUPPLY,    INC, 
SHOP  WORK  ORDER 


JOB    NAME       Coldfields 


DESCRIPTION  OF  WORK 
Drill    16"   hole    to   800' 


Page    1    of 


JOB    #      Cable   Tool    Rig 

n 

DATE         H-77-SA 


Driv  and  Eddie 


LIST  REPLACEMENT  AND/OR  ADDITIONAL  PARTS  NEEDED 


(    JE 

0UANTITT 

NEW 

USED 

11-22 

4 

Starter  pipe 

11-23 

12'    1" 

91-1 

11-24 

12*    1" 

103-2 

11-25 

12'    1" 

115.3 

11-25 

12'    1" 

127.4 

11-25 

4' 

131.4 

11-26 

4' 

135.4 

11-26 

4' 

139.4 

11-27 

Spudder  arm     repair  day  off. 

11-28 

4* 

143.4 

11-28 

4' 

147.4 

11-28 

4' 

151.4 

11-29 

4' 

155.5 

11-29 

4' 

159.5 

11-29 

12t    i» 

171.6 

11-29 

12'    1" 

183.7 

11-29 

12'    1" 

195.8 

11-30 

12'    1" 

?07.9 

11-30 

-7'    9" 

215.6 

11-30 

8'   %"                               D.2-2 

Page    2   of 


JOB    NAME 


COACHELLA  VALLEY  PUMP  &  SUPPLY,    INC. 

SHOP  WORK   ORDER 
Goldfip.lHs , 

DESCRIPTION   OF   WORK 
Drill    16"   hole    to   800' 


J0B  #_C^kLa_Iaai_E-L 
DATE  n_?o_aA 


LIST  REPLACEMENT  AND/OR  ADDITIONAL  PARTS  NEEDED 


L_J?E 

QUANTITY 

NEW 

USED 

11-30 

8 

-    V 

231.7 

11-30 

8 

k" 

239. Ik 

11-30 

8 

k" 

247.8 

* 

11-30 

8 

k" 

255. 8*5 

11-30 

7 

9h" 

263.6 

12-3 

8 

Ij" 

271. dk 

12-3 

8 

k" 

279.7 

12-4 

8 

k" 

287. Ik 

12-4 

8 

h" 

295.8 

12-4 

8 

k" 

303.8*5 

12-4 

1 

§ 

k" 

311.9 

12-8 

1 

fi' 

u» 

*1Q    Qk 

12-10 

8 

k" 

i?7.  in 

12-11 

?' 

k" 

335.10*1 

12-11 

8 

k" 

343.11 

12-12 

8 

k" 

351.11% 

12-12 

8 

k" 

360. 

12-12 

7 

9" 

367. 9U 

12-13 

8 

k" 

375.10 

12-13 

8' 

Sj"                                  D.2-3 

383.10J, 

JOB   NAME 


COACHELLA  VALLEY  PUMP  &  SUPPLY,    INC, 

SHOP  WORK   ORDER 

Goldf  ields , 


DESCRIPTION   OF   WORK 
Drill    16"    hole    to    800' 


Page    3   of 


JOB    #    Cable   Tool    Rig 
it  I 
DATE   11-22-84 


LIST  REPLACEMENT  AND/OR  ADDITIONAL  PARTS  NEEDED 


L-j?E 

QUANTITY 

NEW 

USED 

12-13 

8' 

k" 

391-11 

12-13 

8' 

%" 

399- im 

12-13 

8' 

k" 

408 

12-14 

8' 

k" 

416*2 

12-14 

7" 

9%" 

423-10 

12-14 

8' 

%" 

431-10% 

12-15 

4 

435-10% 

12-15 

4 

%" 

439-11 

12-16 

4 

443-11 

12-16 

8 

k" 

451-11% 

12-18 

4 

455-11% 

12-18 

8 

k" 

464 

12-18 

8 

%" 

472-% 

12-18 

8 

%" 

480-1" 

12-18 

8 

488-1" 

12-29 

8 

1  h" 

Heavy   sand  and   silt   some   gravel 

496-1% 

12-29 

8 

-  v" 

Sand   and   silt   some   gravel 

504-2 

1-2 

8 

1  H\ 

sand   and   silt   some   gravel 

512-2% 

1-2 

8 

'  %" 

sand    and    silt    some    crave! 

s?n-i 

1-3 

8 

'  k" 

sand   and   silt    some   gravel       D.2-4 

528-3" 

COACHELLA  VALLEY  PUMP  &  SUPPLY,  INC, 


Page   4    of 


SHOP  WORK   ORDER 


JOB   NAME       Goldfields 


'1 


DATE 


n-77-«/. 


DESCRIPTION  OF  WORK 
Drill  16"  hold  to  800' 


LIST  REPLACEMENT  AND/OS  ADDITIONAL  PARTS  NEEDED 


Ld?E 

QUANTITY 

NEW 

USED 

1-3 

8 

'    %"   fine   sand  and   silt 

536-4 

1-3 

8 

first   good  perf.    area 
'    h"  sand   from  538'    thur  544' 

544. 4%" 

1-4 

8 

'    %"   fine   to  medium  sand 

552.5 

1-7 

7 

1    9"   sandy  clay 

560-2 

1-7 

8 

1    h"   clay 

568-2% 

1-8 

4 

1    clay  and   sand   stone 

572-2% 

1-8 

4 

1    clay  and   silt 

576-215 

1-8 

4 

1    clay  and   silt 

580-2^ 

1-8 

4 

clay  and  silt 

584-2% 

1-9 

4' 

sand  and   gravel  with   some   clay 

588-2% 

1-9 

4" 

sand  and   gravel  with   some   clay 

592-2% 

1-9 

4' 

sand   and    eravel  wi  th    smjjg,  cl^v  . 

■596-2J* 

1-9 

4" 

sand  and   gravel  with   some   clay 

600-2% 

1-15 

4' 

silty  sand   and  clay    (stinks) 

604-2J* 

1-15 

4' 

silty  sand   and  clay 

60R-?l< 

1-15 

4' 

brown  silty   sand  with   clav 

fi1?-2J< 

1-16 

4' 

brown  siltv   sand  with   clav 

filfi-?l< 

1-17 

4' 

brown  siltv   sand  with    rlav 

fi?n-9U 

1-17 

4' 

brown  silty   sand  wi£ti  crlav 

VL-1U 

1-17 

4* 

brown  silty   sand  with   clay        D.2-5 

628-2% 

COACHELLA  VALLEY  PUMP  &.  SUPPLY,  INC. 


SHOP  WORK  ORDER 


JOB   NAME       Goldfields 


Page  5  of 


JOB  #    Cable  tool  Ric 

7!       " — 

DATE  11-22-84 


DESCRIPTION  OF  WORK 
Drill  16"  hole  to  800' 


LIST  REPLACEMENT  AND/OR  ADDITIONAL  PARTS  NEEDED 


LjJE 

QUANTITY 

NEW 

USED 

1-17 

4'  brown  silty  sand  with  clay 

632-2*5 

1-17 

4'  "                     " 

636-2^ 

1-17 

41  11                      <i 

640-2^ 

1-18 

4'  brown  silty  sand  and  rocks  with  clay 

644 

1-18 

4'  "                               " 

648 

1-19 

4'  brown  silty  sand  and  clay 

652 

1-19 

4'  "                     " 

656 

1-20 

4'  brown  silty  sand  and  clay  with  rocks 

660 

1-21 

4'  brown  and  red  clay  with  rocks 

664 

1-21 

4'  brown  and  red  clay  with  rocks 

668 

1-21 

4'  brown  and  red  clay  with  rocks 

672 

1-22 

4 '  gravel  and  brown  clay 

676 

1-22 

4'  gravel  with  some  clay 

680 

1-22 

41  gravel  with  some  clay 

684 

1-22 

4'  "                  " 

688 

1-22 

4«  »                 " 

692 

1-22 

4'  gravel  (good  gravel) 

696 

1-23 

4'  gravel  " 

700 

1-23 

4'  gravel  to  702  then  muck 

704 

1-24 

4'  rocks  and  dirt         D.2-6 

708 

JOB  NAME 


COACHELLA  VALLEY  PUMP  &  SUPPLY,  INC. 

SHOP  WORK  ORDER 
Goldfields 


Page    6   of 


JOB    #    Cable   Tool    Ri$ 
DATE  11-22-84 


DESCRIPTION   OF   WORK 
Drill    16"  hole    to   800' 


LIST  REPLACEMENT  AND/OR  ADDITIONAL  PARTS  NEEDED 


Ld!E 

QUANTITY 

NEW 

USED 

1-24 

4' 

Rocks 

712 

1-24 

4' 

tt   ti 

716 

1-24 

4' 

Rocks  and  dirt 

720 

1-25 

4' 

Rocks  and  dirt  some  clay 

724 

1-25 

4' 

Rocks  and  clay 

728 

1-25 

4' 

ii             it 

732 

1-25 

4' 

ii             it 

736 

1-25 

4' 

Rocks,  gravel  and  clay 

740 

1-28 

4' 

Rocks  and  gravel 

744 

1-28 

4' 

n              n 

748 

1-29 

4' 

Rocks  and  gravel  with  some  clay 

752 

1-29 

4' 

it                            tt 

756 

1-29 

4' 

it                            ii 

760 

1-29 

4' 

tt                            ii 

764 

1-29 

4' 

tt                            tt 

768 

1-30 

4' 

it                            it 

772 

1-30 

4' 

it                            it 

776 

1-30 

4' 

it                            it 

780 

2-6 

4' 

■■                           ti 

784 

2-7 

4' 

D.2-7 

788 

COACHELLA  VALLEY  PUMP  &  SUPPLY,    INC, 
SHOP  WORK   ORDER 


JOB   NAME  Goldfields 


DESCRIPTION  OF   WORK 
Drill    16"   hole    to   800' 


Page    7   of 


J0B     t  Cable     Tnnl      Rip 

in 

DATE     n-99-«A 


LIST  REPLACEMENT  AND/OR  ADDITIONAL  PARTS  NEEDED 


L^E 

QUANTITY 

NEW 

USED 

2-8 

4' 

Sand  and  gravel  very  little  clay 

792 

2-8 

4' 

sand  and  gravel  some  rock 

796 

2-8 

4' 

sand  and  gravel 

800 

2-8 

4' 

it             it 

804 

2-8 

4' 

it             it 

808 

2-9 

4' 

ii             ii 

812 

2-9 

4' 

ii             ii 

816 

2-9 

4' 

ii             it 

820 

2-9 

4* 

ii             ti 

824 

2-9 

4' 

ii             it 

828 

2-10 

4' 

it             it 

832 

2-12 

4' 

it             ii 

836 

2-12 

4' 

it             ti 

840 

2-12 

4' 

it             ii 

844 

2-12 

4' 

it             it 

848 

2-12 

4' 

u             it 

8S7 

2-12 

4' 

it             ii 

8^6 

2-12 

4' 

ii             ii 

860 

2-12 

4' 

ii             ii 

864 

2-12 

4' 

D.2-8 

868 

COACHELLA  VALLEY  PUMP  &  SUPPLY,  INC. 
SHOP  WORK  ORDER 


JOB  NAME   Goldfields 


Page   8   of   8 


JOB    #   Cable   Tool    Ri; 

71 

DATE  11-22-84 


DESCRIPTION   OF   WORK 
Drill    16"   hole    to   800' 


LIST  REPLACEMENT   AND/OR  ADDITIONAL  PARTS   NEEDED 


jjATE 

QUANTITY 

NEW 

USED 

2-12 

4' 

Sand  and  gravel 

872 

2-13 

4' 

876 

2-13 

4* 

880 

2-13 

4' 

884 

2-13 

4' 

888 

2-13 

4' 

892 

2-13 

4' 

896 

2-13 

4' 

900 

2-14 

4' 

Sand  and  gravel  with  some  clay 

904 

2-14 

4' 

Sand  and  gravel  with  some  clay 

908 

D.2-9 

APPENDIX  D.3 
GF-3A  BORING  LOG 


QUADRUPLICATE 
Use  of  comply  wfiti 
local  requirements 


Notice  .if  Intent  Nil 


Locnl  IVniut  No.  or  D.itc. 


144153- 


STATE  OF  CALIFORNIA 

THE    RESOURCES   AGENCY 
DEPARTMENT  OF  WATER  RESOURCES 

WATER  WELL  DRILLERS  REPORT 


Do  not  fi 

No.   19339- 


(1)  OWNER:    Hnmo_  Goldfiftlda  ffln^p  rorp. 

Addr™ — Hn?7ft,  Glanlg  1^0 

^-^wlay,   rBHf, ziP_5222I_ 

(2)  ^LOCATION  OF  WELL  (See  unctions): 


C«  hi  nty_ 


Impeilal 


Well  address  If  different  from  above. 

Township ^qy Rang 

Distance  from  cities,  red,,  railm.ds,  fenceTTetc 


Owner's  Well  Number 


-ep-3- 


?T7^ 


Li** 


_Sectio 


In — 33- 


Statc  Well  \„ 
Other  Well  N„ 


(12)  WELL  LOG:    T  ,,        .  Q/n 


-50 .52     Sand  anH_ 

-82 Stmrl     Bnrf.  rrr-ave1 


-6J_ 


182 —     Tfil  rnnrnp  .raa^Land  grnvnl 

S-^d^JiaT^Lj^2S_iser8_of_cl 
rLT"n'tTo1    and  nnnrT, 
-and   clay- 


<^<3V< 


iv?^7^-' 


(5)  EQUIPMENT 
Rotary  □ 
Cable  Sr 
Other        n 


vHE?' 

WELL  LOCATION   SKETCH  \VP 


Reverie    □ 


Air  Q 

Bucket      Q 


<:-§ 


(7)    CASINC   INSTALLED 
Steel  O  PUrtic  O  Co 


From 
ft. 


-0- 


To,r 


xDia 
>in. 


-50- 


-940- 


P*c1 


\S 


is* 


Ga^-or 
Wall 


-4/4 


(6)    CRAVElVaCK 
No  O 
'arneter  of  bore 


(3)  TYPE  OF  WORK 

New  Well  &      Deepening  Q 

Reconstruction  ri 

Reconditioning  rj 

Horizontal  Well  f-j 

Destruction  O     (Describe 
destruction    materials 
procedures  in  Item  • 

(4)  PROPOSED 

Domestic 

Irrigation 

Industrial 

Teit.Well 

Stoci\\ 

Municipal^ 


umd     wrl    pr-st^pl 


-  -hard  roelt  vith   clai, 
2G0  Oanu  ami  rock- 


STSWW 


-eonrae^ravcl  and  oand- 
"1    find   rod. 
nand   and  t 

l/rr.a  griwl  with* 


ivcl,    o 


■        38'.    IlQUc>7ljTnV«<i.     nnnd     tmr*    n»^     ^Tar 


J^frd-, 


Miniul 


^ 


?y 


» 


.pyx  4 


©, 


■     \V ^J-» — a*UBJf.         IV  M        \|\ 

qgfr^StU  Ft  tip  rnr(n^knd__srkvel 


510  PM^p  sand  nnd  clay 


N    520  -       532^1-1-7    nan* 


lT^R  532 


4SX£and,   gravel  and  eone  clay 


Q-Sjuu5z-claz-t-l±ULle-^£izsal. 


to^^T-^ 


8)?ERFORATT0Sr" 

T>,HydrWl'l»e  °Kirl  tfecreen  '<>\ 
I     \V    H\\i 1    j\  V^A 


Fitft^Tf^To 


-wo- 


10  euta 


930-^ 


S 


rounda   jler'ttV  3D   mla   }x 


o^ 


M2? 


tai— 3- 


Otwnf'    ulin  1  j 


(9)  WELL  SEAL, 

Was  surface  sanitary  seal  provided?      Yes  Q         No  q     jf  y„    ,Q  dep(h 
Were    strata    sealed    against     pollution?     Yes  O  No  Q     Interna 

Method    of    sealing 

(10)  WATER  LEVELS: 

Depth    of   first    water.    If    known 

Standing  level  after  well  completion. 

(11)  WELL  TESTS: 

Was  well  test   made?  Yes  (JT 

Type  of  test  Pump  [g 

Depth    to   water   at    start    of   teat 


s%g2 


~sas- 


5QS  qay 


610 


61 n  nravcl 


,613  SffrVy  clay 


^13 ■_       6?0    ^Hflfl        ffmiTPl      nnrl     lin-w     eOsry' 


-620 


665. 


"50" 


_ft. 


-Ufr9- 


ft. 

ft. 


No  Q      If  yes.   by  whom? 
Bailer  Q 


7T7ZT 

d>»nte 270Qg*l/mil'   «itgr      P< 


Air  lift  O 
At    end    of   test         w  ,  *.    ft 


Chemical  analysis  made?      Yes  Q  No 

Was  electric  loc  made?         Yes  O  No 


-ft. 

_houn  Water    temperature 

1     If  yes.   by   whom? 


655 


665  rprvnrt»d  HtmH  and  g1""t~'' ,    «""^  ^ 

-655    rpmfnrpd    wwnd    «mr!    gravfl 


3 — 6^7  finnrl    rniH   prnfrpl  ,    w^  fS    ant7>P    rl  nY 


-6^1 — 1—213  r.rwvAi,  ™ry  pnH  ^i>ry 


Xprigatia'd  on  -p&r*  tS6~ 


Completed. 


3^30= 


Work    started 

WELL^DRILlXf?^ 

Thlt  uxtl  wot  drUUd  u 
knowledge  and  belltt^ 


.19. 


=S^ 


-bnd  fnii  report   (s   true  to   the   bert   of  m 


NAME_Coa< 


(Well  Driller) 


If  yes,  attach  copy  to  this  report 


DWR  ion   mtv.  7.7ai 


erson,  firm 
Address  .  _ 

03-8U1  AVert  A  8 
Clty Indi^^   Calif. 

License  No.    jgggg 


^lloy  ?<.mrp    .  Supply,    lac. 

1,  or  cortVorationP(Type<roTS)FinT#df 


/   T.    0.    Diawm    QQQ 


-Date  of  this  report. 


-2ip 92201 


IF  ADDITIONAL  SPACE  IS  NEEDED.  USE  NEXT  CONSECUTIVELY  NUMBERED  FORM 


=575755= 


D.3-1 


QUADRUPLICATE 

Use  of  comply  wltti 
local  requirements 


■lilt  of   Inlrnt   Nit 


144153 


6TATE  OF  CALIFORNIA 

THE    RESOURCES   AGENCY 
DEPARTMENT  OF  WATER  RESOURCES 

WATER  WELL  DRILLERS  REPORT 


Do  not  fil, 


No.    193394 


cocal  Permit  No.  or  Date. 


State  Well  No.. 
Other  Well  No. 


(1)  OWNER:    Naroe_ 

Ad.irc„ nn;7fi     r.inm-f?   inn 


Goldflpld*    Mining    roi-p 


Ciry_ 


Brawley,   Calif. 


-Zip 


-92227 


(2)    LOCATION   OF   WELL    ( See  instructions  ) : 

County Imperial Owner".  WeU  Number CY&2 

Well  iddmi  if  different  from  «bove__ 

Townjhip J  ^^ Range. 


R19E 


_5ectic 


_3J_ 


Distance  from  dtiej,  roads,  railroads,  fences,  etc^ 


WELL  LOCATION   SKETCH 


^ 


(3)  TYPE  OF  WORK: 

New  WeU  D     Deepening  Q 

Reconstruction  Q 

ReconditniDing  □ 

Homont.l   WeU  Q 

Destruction  Q  (Describe 
destruction  materials  and 
procedures  in  Item    ISy 

(4)  PROPOSED  0^ 

Domestic         NTS 

Imeannn 

Industrial 

Te* Well 

StocV\ 

Municipals 

Othet 


(12)    WELL   LOG:     Tll|ul  d<;uth_g40_f,    Depth  of  ct.mp|eied  welLC)^ 

ft.    Formation     (Describe    by    color,    character,    «,re    or    material) 


front   ft 


-213 742 — Cravol 


-242 — I — 76-3 — CratraT    «nH    Band 


-263- 


J35J. 


-857 Sand,      TwV      nnrl     rrT-rsypl 


-240. — Sand    undxprnvpl 
V\<2 


T 


<\ 


£S 


2& 


ss 


^r 


^ 


_£ 


(S>-\* 


A\^0) 


\\ 


S 


(K\ 


? 


gz  p 


^A  ^Oj 


T 


W-  . v 


I&Sl 


\v 


-G± 


^? 


-7    -      ^S? 


(5)    EQUIPMENT: 
Rotary      n 
Cable        Q 
Other        □ 


Reverse    Q 
Air  Q 

Bucket      O 


(6)   CRAVEL\P. 
l^O  Not] 

bram 


<sS 


<7)   CASINC  INSTALLED 
Steel  Q  PUstic  O  Conci 


From 

ft. 


T°^  J 

ft.C^ 


Dia. 
>in. 


^er 


Gage -or 

Wall 


sPACK: 


rajTi<Hcr   of  borc_ 

«5  ^Tom 


Sire  - 


<f^;\y 


too. 


-ft. 


fiN^O) 


( 8 )  HERFORAtfONS: 

Type  of  perf<Va-tjctn  oraize  of  screer^/<^x 


^ 


W7^ 


<s~ 

E37" 


^ 


V 


3) 


To 
ft 


/? 


^ 


X  .Slot 
X^size 


~N"\ 


<> 


_C- 


V^ 


-A\n- 


Cn\Vo.  x  V 
(9)  WELL  SEAL:  Xj 

WaJ  surface  sanitary  teal  provided?      Yes  Q          No  Q     If  yes,  to  depth- 
Were     strata     sealed     against     poUution?      Yes  O  No  D      Interval 

Method    of    testing 


Jt. 


Work    started- 


.19. 


Completed— 


.19. 


(10)  WATER  LEVELS: 

Depth    of    first    water.    If    known__ 
Standing  level  after  weU  completion- 


WELL  DRILLER'S  STATEMENT: 

ThU  well  wot  drilleiiAtru^er   my   juruduiion 
knowledge  an4~J>eVcJ^^ 


this  report   It   true   to  the  belt  o{  r 


(11)  WELL  TESTS. 

Was  well  test  made?  Yes  Q    ■      No  Q     If  yes.  by  whom? 

Type  of  test  Pump  D  Bailer  D  Air   lift  O 

Depth    to   water    at    start    of   teat ft. 


SlCNED- 


'^>/ 


cscharge. 


_gal/min    after_ 


_hocm 


At    end    of    test___ 

Water    temperature 

Chemical  analysis   made?      Yes   Q  No  Q     If  yes.   by   whom? 

Was  tiec-tnc  log  made?         Yes  Q  No  Q      If  yes,  attach  copy  to  this  report 


~P^  //  "(WeU  DriUer) 

NAMF  CuadifiUa ,JW{tl!W(B9!to  InC' 
Addr«.    83  801  Avc.-4€ ?.   0.   Dravor  QQQ 

City Tnd<«.    Calif, ^     92201 


Indio,   Calif. 


License  No.      XClS^il 


.Date  of  this  report      ft/C,/-fi^_ 


OWR  tee  incv.  7.7ei  IF  ADDITIONAL  SPACE  IS  NEEDED.  USE  NEXT  CONSECUTIVELY  NUMBERED  FORM 

D.3-2 


APPENDIX  D.4 
MBH-1  BORING  LOG 


ORIGINAL?    *- 


1 


<n 


^ 


■^ 


,•'<■; 


FlUwrttiOW*7 

Notk»  ol.lneeot  Noo^I 


144154 


.:■  ■  ■&?  k-  *.  ' 

•''-';>"<*'""  -  «TATC  OF  CALIFORNIA 

^  W'»V.'\,  THE   RESOURCES   AGENCY 

.V:i  .  DEPARTMENT  OF  WATER  RESOURCES 
53*.'    WATER  WELL  DRILLERS  REPORT 


Do  not  fill  in 


No.   157626 


Loe>>  Maill  Nft.  «  Dete. 


Stato  W»U  No^_ 
Oth*<    v^l  Mo.. 


*<ij  OWNER «    n—    Goldfields  Mining'  Corp. 
lAi--  P.    0.    Box  441:. 


(  12)     WELJ.    LOG:     TotAj  depth_6JHL,'>.  Depth  of  completed  well  600     h 
from   ft.         to         ii.    Formation    ( Dcecribe   by  cole/,   character,   rixe  or  material) 


Brawley.    Ca.    92227 


small   rock 


If  OF  WELL   (SoeiiufrubdoiaJ: 

.Owmi'i  W.D  Number. 


w.a.  J4—  *  dtferW  tn»  above. 


Fine  sand  vX< 
Medivnn  &  cora--; 
'  streak.-.of  red  clay  and  small  pea. 


sand  with   short 


(9)  WELL  SEALi 

Vu  nrfeoa  uartery  teal  provided*     Y«M  QC       No  Q     If  y«,  to  depthJ^QO 
Wei«    ftr*u    «ealod     afaJort     pollution?      Y«  Q  No  Q     Interval 

H^oj  o<  ^HnrBotnTrF-Bmri— f^iTTy  ft,  '  mitt, •■  run 


fclO)  WATER  LEVELSi 

Deptn   o<   (n*   water,   tf   k»own__ 
tjjgdfag  level  alter  well  completion. 


(11)  WELL  TESTSi 

Wat  Ml  teat   madef  Ye.  □ 

Type  W  teat  Pump  Q 

Deptfc    *o   water   at    (tart    o«*    teet_ 

Dtactarre __ial/maln    after. 

Oiilfl  anarriu;  mader"     Yea  D 
Wh  •leetrlc  tof  made?         Yea  X] 


N.»  Q      If  yea,  by  whom? 

Bailar  Q  Air  UK  D 

ft.  At    end    of    teat 

houn  Water   temperature. 


No  Q     If  yea,  by  whom* 

No  D      If  yea,  attach  copy  lu  thU  report 


WELL  DRILLER'S  STATEMENT: 

ThU  vmU  v>cm  drULtd  untUt  my  jurUdidion  anj  ihii  report   U  Irut  to   the  txtt  of  'my 
knovUd&t  and  \>*Uef. 

SlCNEO 


(Well  Driller) 


(Penon,  firm,  or  corporation)    (Typed  or  printed) 

Addrea.    P.O.     TVrnwftr    QQQ , ■ 

en,         Tnriln,    Qau-  Q??OP no 


Llcenac  No.. 


16154-1 


JPate  or  tha  report 1  ]  /?9/ 8/r- 


Own  its  miv.T.ui  IF  ADDITIONAL  SPACE  IS  NEEDED.  USE  NEXT  CONSECUTIVELY  NUMBERED  FORM 


D.4-1 


APPENDIX  D.5 
MBH-2  BORING  LOG 


^ 


^ 


^ 


ORIGINAL 

Fi!«  with  OWR 

Notice  of  Ikm  N.i.         144154 

Local  P.rmn  No.  or  Date 


STATE  OF  CALIFORNIA 

THE   RESOURCES   AGENCY 
DEPARTMENT  OF  WATER  RESOURCES 

WATER  WELL  DRILLERS  REPORT 


Do  not  fit 

No.    15762S 


i-ils  Wrll  No.. 
L>>..v  V/rfl  No.. 


(1)    OWNER,      Nam«_Gold    Field*    MiMnp    f^r-p  , 
A*1"- P.     0.     Roy    LL<\ 

c*r Brantley,  rq ; 


wjfSigWgi^-^"- «»--«-»■-)■ 


Wall  add™..  U  dl» 
Towenin      15S 


.Owner's  Well  Number. 


ziP_22222_ 


fnicn  tlrnvr 

Ranur    19E 


-Section. 


Distance  from  crttea,  road*.  railroad.,  frrx-o.,  , 


11 


Wfc  r-^7^  - 


^-4Sb' 


r 


33 


<£bctsj*J  ^3cx*vo->^y 


4 


34 


3^ 


__ WELL  LOCATION  SKETCH 

(5)    EQUIPMENT. 
Kotmry     jg  Reverse    H 

C»o>«       O  Air  G 

Od**       O  Bucket     a 


(3)  TYPE  OF  WORKi 

New  Wafljg     Deoperuiui  O 

Reconstruction  Q 

Reconditioning  Q 

Hnrizontal  Wefl  Q 

Destruction  O  (Describe 
destruction  materiaet  and, 
procedure*  la  lien,   13).- 

(4)  PROPOSED  USE. 


Domestic 

Industrial 
Test  Well 

stucit^ . 

Municipal* 


\.-t<Other 


(7)   CASING  INSTALLED!/,-- 
Ste«43fJ  Plastic  Q  Concrete  Qv 


From 
ft. 


-DU. 

in. 


Cnj»c  or 


mnnif:^-    Y) 


(12)  WELLLOC:   ToUj  ^JvW ,,.Ufpth  o(  ^^  wriJ4Q 


from   ft         I..         ft.    Formstion    ( Desc-nT-,.;    by    .rt!or.   character. 


me  or   material) 


85   Fine,  medivfla  and  coarse  san 
small  rock  and  short  streak  o f 


_£5_ 


red  clay u  aome  larger  boulders 


115   Fine,  medium  to  coarse  sand  an 


small  rockb  h   gravel  with  a 
couple  ol'  rtdort  streaks  clay 


LU5   "  177   Fine,  medium  and  coarse  sand 

with  streak  of  small  rock   ~ 

209 Fine,  medium  and  coarse  sand 


177 


?nq 


mixed  HJ£il    ted  clav 


^303 Fine,   mpHf].i|j  and  coarse  sand  v. 


small  gravel  mix 


-ax 


Brown  clay  streaks 


331   Coarse.,  medium  to  fine  sand 


321. 


mixed  with  gravel  and  small  roc 


361   Corse  medium  to  fine  sand  mixec 


with  gravel  and  small  rocks" 


361 


J22. 


with  short  streaks  brown  clay 
Red  clay  wL'ch   streaks  of  small 


rocks  and  gravel  with  medium 


fine  sand 


392 


422  •  Red  clay  w±Vv   streaks  of  small 


rocks  and  gravel  with  medium 
fine  sand 


(8)   CRAVBl>/ACKt 

QetWetcr  uf  bon-if^'  ■    .      O- 

(8)-^erfohati6ns 


"500" 


422      -    452       Red  and   blue 


of  coarse 


'.lay  with  streaks 
medium  fine  sand 


jt. 


Type  of  pertfsKrdaa  or  aire  of 

\    -Oi0-. 


From  v\ 


To 
ft 


Slot 

'size- 


~zw 


mesfc 


(9)  WELL  SEAL. 

Wei  surface  sanitary  eeal  pnrvided?      Y«3D          No  Q     If  yea,  „  depth     40Q     <♦ 
Were    strata    seeled    a«.lns<    pnllutionr     Yes  O  No  O     InterveL— ft. 

u»tw  at  a^n,  rntary  nmri    Blirrry  fr  cT'-fr-rjnrr. 

(10)  WATER  LEVELS. 

Depth   of   tnt    water,    if   known. 


Standing  level  after  wefl  completion. 

( 11 )  WELL  TESTS. 

We*  wefl  test  made*  Ye*  C 

Type  of  test  Pump  Q 

Depth    to    watt*   at    start   of    test 

DUoheree  pl/pslsl    aftrr 

<"»— ''"el  anaiysss  made*     Yei  C 

Was  electric  log  made*         Yes  {?£ 


320. 


ft 

ft. 


No  Q     If  yea,  by  whomp. 
Bailee  Q 

ft. 


Air  Uft  O 
At    end    of   test 


Ju>un 


Water    trm  [venture. 


452.'  -  482   Red  and  blue  clay  with  streaks 


coarse  to  medium  fine  sand 


482   -  513   Red  clay  with  coarse  medium 


to  fine  sane' 


513 


544   Fine  medium  and  coarse  sand  wit 


544   -  575 


small  gravel 
In  and  oui;  o 


ted  clay  and  medi 


coarse  sand 


575   ~  640   In  and  out:  oi?  red  clay  and  medi 


coarse  sand , 


Work    startedL 


.19. 


Completed. 


.10- 


WELL  DRILLER'S  STATEMENT: 

ThU  uief(  teas  drilled  under  my  Jurisdiction  ont?  thi,  report  U  true  to  the  be'rt  ol  m 

knowledge  end  beuVf. 

SlCNED 


No  O     If  ye*,  by  whom? 

No  □      If  yes,  attach  copy  to  this  report 


(WeU  Ddller) 

namf  (InafhAi  1  a   Valley  Pump  &  Supply.    Ir 

»,      «.       (Pjprsoo,  Im,  or  corporation  I   (Typed  or  printed) 

Addres.  P.O.    Drawer  QQQ. 

crv      Indlo,   Ca.    92202 


License?  N 


^m 


-Zip. 


six 


_Da(e  rW  '.hu  wptirt. 


DW«  tea  ,.«v.  7.T.,  IF  ADDITIONAL  SPACE  IS  NEEDED.  USE  NEXT  CONSECUTIVELY  NUMBERED  FORM  D.5-  1 


APPENDIX  D.6 
MBH-3  BORING  LOG 


!    - 


ORIGINAL 

FiU  with  DWR 

N«i«»  of  Intent  No      l**^rl  y4- 


BTATE  OF  CALIFORNIA 

THE   RESOURCES   AGEiMtT/ 
DEPARTMENT  OF  WATER  i<--j SOURCES 

WATER  WELL  DRILLERS  REPORT 


Do  not  fill  in 


No.   157627 


Local  PermK  No.  or  Date. 


Stjtr   Well  No. 

Other  Well  N,.._ 


(1)  OWNER:    N Gold   Fields  Mining  Corp. 


Addraea. 
Cky 


P.    0.    Box  441 


grawley.    Ca. 


zip    92227 


(2)    LOCATION  OF  WELL    (Seemstnictions): 

GotMrtv  Tppflrl  8.1. Owner'!  Well  Number. 

Well  address  if  different  fmtri  above 

Tasr—hto  1  JtR IUoLe_19E SectJ«#o__ 


33_ 


CH»ts>»ce  from  cities,  road*.  miln>o<ls,  fences,  etc 


(12)    WE(1   LOG:     T.*«l  deptK_§§2_fl.  Depth  ...  completed  ».IL§§L_fc 

fn»m   ft.         to         H.    Fiwmiit.ni.    (Describe   by   cojwf.   chwntcjer.    tire  or  matffUl) 


o 


80 


Medium  and   coarse   sand  with 


larger  rock  and   small    gravel 


g0    -    17  7        Medium  and   coarse   sand  with 


larger  gravel  and   short    streak 


of  red  clay. 


177 


331        Medium  and   coarse   sand  with 

.  ^  ■  ■  ■  ■■         ■      ■  ■  , 

small-  rock 


J22L 


637 


Streak  of   sand   in  and  out 


of   clay.   Medium  and  coarse 


MN*37*- 


^  35SO 


*/** 


"& 


Li 


S3 


StCXoJ  ScMyJ-^HZrf 


J- 


Sd. 


WTLLL   LOCATION   SKETCH 


<S)    EQUIPMENTi 

Cable        Q 
Other        O 


Reverse     Q 
Air  G 

Bucket      G 


(7)  CASING  INSTALLED!  /.  -, 
Sleety]  Plastic  D  Concrete  |J 


From 
ft. 


0 


To,; 

fL'C 


Dia. 
"In. 


— ~~n 

Guce  ot 
Willi 


'66QM5/<>  .25P  510   I 


(3)  TYPE  OF  WORK! 

New  WeXQ     Deepeaiae  D 

Reconstruction  Q 

Reconditionina  Q 

Horizontal  Well  D 

Destruction  O  (IVicribe 
destruction  materials  and 
procedure*  in  Item    13) 

(4)  PROPOSED  USEi 

Dimestic  O 

Irrigation  ■  .    '.                      Q 

Industrial  O 

Tea  Well  O 

stuck  a 

a 
St 


sand 


Municipal    .- 

o*e,  monitor 


Ji2J- 


ML 


Medium  and  coarse  sand,  streak 
of  small   gravel 


(8)    GRAVEL^fACKi 

•   S 

Yc*  §t         No  Q  Si 

Dtaoactcr  of  bore. 


I'acWed'-irom. 


4-^16  mix 


igr 


4-00 


680 


(8)    PERFORATION'S! 

Type  of  pcrfetat**!  or  me  <rf  screen . 


From\^ 


•^<  To 
ft 


Slot 
size 


680     <f°  .mean 


(9)  WELL  SEALi 

Wai  surface  aaniUry  teal  pn.videcl'f      Yea jQ  No  Q     If  yes,  to  dcxhii-QQ '•• 

Were    strata    aaalad     ajtainst     pollutim?      Yes  Q  No  Q     Interval ft. 


Method    of    aea-Hn.       ^n^,nTy     mU<\      fll  ,1T»T"7     fc     mit,t,1ng&- 


(10)  WATER  LEVELS  t 

Depth   of    first    water.    If    known 

Standing  level  after  well  completion . 


Work    itarte.!. 


.19, 


Completed. 


.1B_ 


(11)  WELL  TESTSt 

Was   well  test   made?  Yes  Q 

Type  of  last  Pump  Q 

Depth    to    water    at    (tart    of    test 

Discharge gal/mln    after. 

ChamlcaJ  aaaivt.li   made?      Yes  C 

Was  electric  log  made?  YriX) 


No  O      I'    yea.   by    whom? 
Bailer  O 


Jt. 
_J*oun 


Air  lilt  D 

At    end    of    te«t 

Water   temperature. 


No  □      If  yes,  by   whom? 

No  (7]      If  )es.  attach  copy  to  thii  report 


WELL  DIULLER'S  STATEMENT: 

This   wtll  u-al  drillnl   under  my    |i«rlM/lcflms   nnd  ihit   re|«irf    ii   (me   to   thr   bftt  of    m\ 


Signed.  ... 

(Well   Dnllcrl 

NAMF.C oachftlla  Valley  Pump   &  Supply.    Iec 

(Person,  firm,  or  corporation )    (Typed  or  piloted) 

Add,e«  P.O.   Drawer  0.00. . 

,-,.     IndiOe    Ca.    92202 Zip. 


Hern-Mr   N 


...   161  yH 


.Date  .-I  thU   reiv'rt_ 


11/28/84- 


dwr  tee  imv.  7.7ai 


IF  ADDITIONAL  SPACE  IS  NEEDED.  USE   NEXT  CONSECUTIVELY  NUMBERED  FORM 


D.6-1 


**     200  -39bd_-Ibl01     ** 


ORIGINAL 
File  with  DWR 


TTATT   OF   CMIKMNU 

THE   MSOURCE3  A«NCT 

DEPARTMENT  OF  WATER  RESOURCES 

WATER  WELL  DRILLERS  REPORT 


Do  not  fill  in 


No.    322018 


Notice  of  Intern  No. 


Local  Permit  N«  or  Dace  . 


Slate  Well  No   . 
Other  Wc|l  No. 


I 
I 
I 


(1)  OWNER:     N G-felDPteUDSMlNlMG.  SS&gj 

Addre*   mg-Htx)AV-7fl 


pi,w    K^RTfeG-LftMlS     \0o/gfenvjQU6Y  7lt,m.Z7 


(2)  LOCATION  OF  WELL  (See  instructions): 

County  IMPERIAL. Owner  s  WCU  Number  G-^-  § 

Well  addrcrt  if  tlif  fcrent  From  above  _^Z.__^_____________i-fc___ 

Diflanptr  from  cities.  rrmU  railroads,  fences,  etc.     fl  £  S  ft°*  •  5  M  I  <-E^ 
P*ST     OP    Trt£,    TQU)NI    OF   G-LArWiS 


(9)  WELL  SEAL 

WulurlMtu^Hywl  prorated'     Tn8       No  D     irT— — J^-i     *?.  *■  t. 

WrfUnuwWjp.wrrK,.!.. ?  Yrt  >3  N"  Q  iMewl  O  -   X^S*  8        It 

M«t..i.4«u.«  c£  Mg  u  r  G-Aou  r  To  1.7.1.5/  6S.ur.  to  x^8.  8 


(12)   WELL    LOG:    Total  depth  jOQ   ft.  Completed  depth  3  58     f,. 
from  ft         to        ft.    Formation  (Dnrnhe  by  color,  character.  Ji?e  or  material) 


O    -7.0    ALLO^iUM'.^A^DtS'CT^o^p.-U 
Cft>\Ste*e«~ab  W    -V*i'y>^_     ciuvqulae-    4-&    Sulaano- 


^r-n.vcv 


-ping     Sa>Ari   j^)ea(g.ty    Wwn  e.  Cg. -^^4-gd  j 
iron,  pt«-S  tV  b   r   ULfl  ^^~  by»QVQiA.  .  Gv-ctu^lg 


"?40-^S0    L-'CyUr4    iarpw^     S  <* -vd  y    njo-y 


rnr 


ISD-lTp     l'^l«4     btr-oww    S.i^vy  aro.vie.1- 
370-4OO      SoUel^    e\^~Qv-e-^  j   W^t-I  qr^H.-tTu 
w...lL„lTAM.     R  l>)9_sL     (,..mi>lcted    TAN    1%        19.3-°. 


r\iH 


(10)  WATER  LEVELS:         ,  .  < 

Depth.*  fie-  w»ler.  if  knu.it       "    X>b 
Si  ImJEri  It  wet  lite*  wWl  rivnolninn 


-LSO.-L.^  i-IZ-^O 


(11)  WELL  TESTS;    i-«^-9o  ai^co 

W«  w^i  (e«  nun;'  Y«  «         *«  D  If  T«»  Vr  whom?   &J  AUjt.^ 

T\|*><rftrri  I>imo  G  tt«ilrr  Q  A.rtifl    O 

Depth  •«  mm  n  ««n  o4  m  -T.S0.tfi  M  end  <4  ie3  30O-'L 

D»*  h>rt»  '  Z  »        cal/«iK  afier     -'  '         hniM  Wjter  lemprmur*   ■  """"* 

t  Wm«-al  nultu  nwlr >       tn  Q         N«v  R  If  v*»,  bv  .W 

WaieWlftr  It^llMJe V»*   0  N»   ^  If  vr\  jUach.^wv  l<*thif  ir*«v1 


WELL  DK1LLEH  S  STATEMENT; 

This  well  u«J  driilrd  unilrr  mu  futuHictlon  and  this  report  ti  true  to  the 
hat  of  my  ItnowJed/r  nmLMirj.  v» 

*e|l  DnlleJ) 
MAUg    <-AYNi£    VOCoTSUN    CO- 


(Vet***  lion.  ..»rotpnr»IKml(T)-p«do»pnn«ej! 
Address     'L03O  E  .    R-tG-^S      1^QA>P 


City 
l.it-rmr  \n 


CK^M&LEPt.  ,  A-tC>zafv>A 


7IP 


857-7.7 


c-s-'»SUo'; 


IVu.-.f  rliit 


r.™»«  7AM-  IZ.,1^0 


200"3Dbd 


if  AooinoMAi.  space  is  NEEoeo.  use  nest  cor«sEcuTivei.r  numurco  form 
"I0S"  I0N3    01 


31inOS3U  SQH3I3  QIOD  WO^d    t^C  =  3 T  26,  22  d3S 


D.6-2 


APPENDIX  D.7 
MCR-80  BORING  LOG 


k  I C  ATE 
$$t/n.ply  v.-:fh 

19554£ 


STATE  OF  CALIFORNIA 
THE    RESOURCES    AGENCY 

DEPARTMENT  OF  WATER   RESOURCES 

WATER  WELL  DRILLERS  REPORT 


Do  not  fill  in 


No.  137826 


i  N'ii    or  Date 


Stair   Wei]  No._ 
Other  Well  No.. 


[j>  OWNER:    Vy 

"      200   Union    Blvd. 

Jdirv 


0old   Fields    Miaing    Corp. 


L,akeuo~od~;    e0~ 


SV22B- 


-Z.p. 


2)    LOf^J^k'aQJF  WELL    (Sec  instructions):  rfCfl9/l 

ity T ..      ^  .  ,   O-Wi  WiJl  Number     '  gfl 

Heoqui t«s    /line 


VII    ,.JtJr*«. 
■  mmhip. 


•  'Yjfsr 


nt   from  abovc_ 
Rarnse. 


-r^tr 


.Section. 


-1-5- 


*l.viir/pM|t  riticsZ  muffci  '"■ilivaiK,  Jrni«s.  *»tc.     -  r»       ^  i    .    _.  *     .       **  » 

r»ppro!$.    Xi   clilaG    eX    J.^rf — 31a^ia  ,  uA. 


(3)  TYPE  OF  WORK: 

New    Well   □      Dieixrninc   O 


JUxonxtnittion 
Rei-onditiuninu 
Horizontal  Well 


(12)  WELL  LOG: 

from    ft 


1  01 7  TDT^" 

Tot.il  depth H.  Depth  of  completed  well It. 

racier,    me   or   m«ten;il) 

oms    6    bi  avi-1 


a_*2         Si  Jiwmiitinil    (  Deicnhe    by    color,  cha 

0    I      JO    liruwu    clay — w/    r 


30    .    ^79    Gruvtfl    v/    11&1iL    biuun    cla:, 
"79 —     170    Oruvtl — &    bruwn    clay 


178    _   1(33    Film    bPuuu    aaud, — graal   all 

I  culurt;,   \W^-l2 — boulJcjiu 

i 33    -  2U  ricYH^  browV  acTmri — bream   clay, 
gra^Lk  feu   rocks ■ — 


l~t     -   ^A  Fine,v(tir''jwn — sand, — brown — cla.j 
19    _   23\^iueN-UaJ,    fdu    fjta^uL,     w/ 
31   ~5 Ulowu    clay 


^^  i 


Brown 


clay, — ssall — ^ravelj 


1 — Drou 


ciay,  i.  law 
vels 


""brown    san J — & 


s^3     _  3U    IkCftffiAifiiad    fit   ^ravBl, 


tan 


clay 

sand 


6    r'lne    to    .aeaiua    gravel    (no    CTay ) 


_  635   Gravel    w7    traces.  01"    tan    clay 


n    clay    w/    lev    .jravtis 


6T2     _  577   brown    clay 


/41    rirovn    sticky    clay    k   Tine    gravel 


/i>7    5aae    as    above    v7    more    gravel 


9)   WELL  SEAL: 

.Va*  surface  lamtarv  »eal  provided?      Yre  ^3 


ilrlhc-d    of    »e.iluic_ 


enlliilion? 
emen 


IntervaL 


7T7     _   /di    Tan    ciav    &    gravel 


Work    itaned 


-  Continue    next    oa~e- 
:  Ja.-i.    10  ,QG3 


Completed. 


rhrreh    1C,Q&3 


10)   WATER  LEVELS: 

Depth    of    first    water,    if    known 

itaudinc  level  after  well  eompletion_ 


192.5 


;il)   WELL  TESTS: 

A  "as    well    test    made?  Yei 

Type  of  test  Pump 


v   n    ..        k  k    ,L.^.    Hood 

No  Q      if   vei,   bv  whom? 

1Q2.5  Ba,ler  D  Air  Mt^k?JZ$  ' 

D>-pth    to    wafer    at    Hart    ill    IMt        ' ..     *     "  At    end    of    ten ft 

50  3V 

Dticharce c^l/min    alter I hours  \\  ater    temperature 

V 

Chemical  unnlyfis  made?     Ye*  Q          No  Q     If  yes.   by  whom?_ 


Was.   clevtrie   U»c   made?  Yes  xD  ^°   C      If  V**j   att.icli  cupv  In  this    report 


WELL  DRILLER'S  STATEMENT: 

This   u.r'1   U.OJ   drilled   under   niy    |iirijciirfioif ."Vind   ihir    report    is    true    to    the    best    W 
knniticdtie   and   belief. \^ 

Signed ' ■_ '-- 


NAME. 


L.R.    Llood 


(Well  Dr.ller) 


Addretl. 
Cir>- 


p      p.      (P«snn.  firoi.jOL-roriKjration)    ( T>  ped  or  printed) 


iuna,     K7T 


L-cen^e  No  J^MM. 


"     B53e^ 

_Zip 


JDatC  of  this   report. 


3/25A-3 


DWR  iee  t«cv.  7  -J6)  IF  ADDITIONAL  SPACE   IS   NEEDED.   USE    NEXT  CONSECUTIVELY  NUMBERED   FORM 


I.  Duplicate  kc  Triplicate  ailh  the 
Of  WiTEI  BE10UICQ 

IAMCNTO    B.  CALirORNIA 


WATER  WELL  DRILLERS  REPORT 

(Sectioni  707«,  7077,  7071,  Water  Cod*) 


bt  I  CI   (Ml  NTAL  SHLET 


Do  Not  Fill  In 

State  Veil  No _ 

Other  Well  No __ 

Region 


(5)    Well  log  (continued} : 

Total  depth  of  well....1.?.?.?- ft. 

Depth  From  Ground  Surface 


781 fc  t0 


""835 
8'4'C) 

-g"90 
"9X5 
~97'9 

"937 
9"97 


335 
ol6 
.._  890*" 
.._  JO 
.._""9'79 
..  _~937 
..'  997 
1017 


ft. 


Give  details  of  formations  penetrated,  such  as  silt,  peat,  muck,  sand,  gravel,  clay,  shale,  sand-  ' 
stone,  hardpan,  rock.  Include  size  of  gravel  (diameter)  and  sand  (fine,  medium,  coarse),  color 
of  material,  structure  (loose,  packed,  cemented,  soft,  hard,  brittle).  :• .  . 

Tan  clay,  li~ht  brown  sand  h    gravel 

Gray  &  blue  clay  traces  of  fine  brown  s°n: 

olue  clay 


■iray    clay    and    -;ravel 


Gray    clay    U   fine    to    Tiediun]    coarse     Travel 

ooulders    &   fine    gravel    (hard    .irillin  .\ ) 

,-iock.s    'ti    roulacr3    (nari)    w/    tnin    s  Creaks    of    brown    sand 

Gray    sticjev    clay 


If  additional  space  i»  required  continue  on  D^X'R  Form  No.  246 — Supplement,  and  attach  to  rejpective  report  couki. 
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APPENDIX  E 
GROUND  WATER  LEVEL  ELEVATIONS 
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APPENDIX  F 

COREHOLE,  MINE  GROUNDWATER  MONITORING  WELL  AND 
LANDFILL  GROUNDWATER  MONITORING  WELL  LOGS 


F.l  -  BORING  LOG  OF  ESI-1 

F.2  -  LITHOLOGIC  LOGS  OF  GW-1  THROUGH  GW- 

F.3  -  BORING  LOG  OF  GW-6 

F.4  -  BORING  LOG  OF  ESI-2 

F.5  -  LITHOLOGIC  LOG  AND  WELL  COMPLETION 

DETAILS  OF  LGW-1 
F.6  -  LITHOLOGIC  LOG  AND  WELL  COMPLETION 

DETAILS  OF  LGW-2 


APPENDIX  F.l 
BORING  LOG  OF  ESI- 1 


VISUAL  CLASSIFICATION  OE  ROCK 

PROJECT  NUMBER:  85-030B 

PROJECT  NAME:     Gold  Fields  -  Mesquite 

BORING  NUMBER:    ESI-1 

ELEVATION:     638.5  (approx.) 

DATE  STARTED:    5-5-85 

COORDINATES:     21 1.61 9E;  99,745N 

DATE  COMPLETED:    5-9-85 

DR  ILL  ING  METHODS :     Rotary 
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CORE  SIZE:     HQ-2  1/2" 

ENG./GEO.       L.  Lustig 

GVL                 AT 
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a. 
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REMARKS 
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20  — 
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93 
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•-4 

►J 


W 
t-> 

2 

w 

C 
o 
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o 
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Mod. 

Dense 


Soft 
to 

Med. 
Hard 


Med.  reddish  gray  angular  to 
subanguler  gravel,  matrix 
mostly  washed  oat,  sandy  clay 


Med.  brown,  slightly  reddish 
clayey  sand  with  1 5% 
scattered  gravel,  angular 
to  subangular. 

Red  -reddish  brown  gravelly 
sand  with  clayey  matrix, 
gravel  30%  > 2  1/2",  average 
1"  in.  0,  subanguler,  poorly 
cemented . 


Med.  reddish  brown  clayey 
conglomerate,  subangular  to 
subrounded  clasts,  2.5"  0, 
average  1 "  0,  caliche  impreg- 
nation in  pockets,  medium 
cementation 

Med.  reddish  brown  gravelly 
SS,  coarse  sand  to  pea  gravel, 
subangular  to  subrounded, 
{volcanic*,  intrusive,  metam.) 
matrix  clayey  sand,  poorly 
cemented 

Interbedded  sandy  oft.  and 
gravelly  Cg  4-6"  thick,  SS  = 
1  -3"  thick  beds.  Clasts  are 
coated  with  thin  (<1/1 6") 
caliche  layer.  Cg.  are  cemented 
with  caliche. 


Started  drilling  at 
2:10  pm  5-5-85 
1st  run  -  0.3  tiJraixi. 

2nd  run  -  0.1  it7min.    " 
3rd  run-  HAlXJta. 


4th  run  =  10.9it/hr.  _I 

Stopped  e  5  pm 
(13  it.) 


5/6/85  started 
drilling  <&  8:50 


Mod 


6th  run  =  12.5  ft./hr.     - 


7th  run-  12ftyhr. 


NOTES:      Drilling  Contractor  -  Longyear,  Phoenix,  Arizona  0-24  it  -  1 00%  Vater  Circulation 

Driller  -  Norman  Leland  SS  ■  Sandstone 

Drilling  Mud  -  Dextrid  <1 0  qts.)   Qaick  Gel  <50  lbs.)  E-2  Mud  (5  qts.)  eg  =  Conglomerate 


ENVIRONMENTAL  SOLUTIONS,  INC. 


F.  1-1 


VISUAL  CLASSIFICATION  OP  ROCK 


PROJECT  NUMBER:  85-030B 

PROJECT  NAME:     Gold  Fields  -  Mesquite 

BORING  NUMBER:  ESI-1 

ELEVATION:     638.5  (approx.) 

DATE  STARTED:     5-5-85 

COORDINATES:    211,6l9E;99,745N 

DATE  COMPLETED:    5-9-85 

DRILLING  METHODS:     Rotary 
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CORE  SIZE:      HQ  2  1/2" 

ENG./GEO.      L.Lustig 
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Pi 
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JOINTING 

REMARKS 

CJ 

< 
Pi 

1 

a. 

- 

- 

7 

25  — 

94 

M*d. 
Hard 

No  open  fracture*  or  joints 

Mod. 
Mod. 

8thrun=  lOftyhr.         '. 
9th  run  =14  ft  ./hr. 

10thran=  I6ftyhr.      - 
11th run-  I6ft./hr.       - 

/Med.  reddish  to  gray  brown 
*   interbedded  gravelly  SS  and 
s«ndy  conglomerate,  sub- 
angular  clasts  1/4"  to  4"  0 
Average  1/2**.  Matrix  is  clayey 
sand,  veil  cemented  with 
caliche,  poorly  bedded  with 
graded  beddings.  Subhorirontal 
beddings  -  hard,  no  fractures 
or  joints 

Med.  red  brown  inter  bedded 
gravelly,  SS  and  sandy  con- 
glomerate. SS  is  coarse  with 
pea  gravel,  poorly  cemented, 
eg  has  subangular  to  sub- 
rounded  clasts  1/4"  -  2"  0 
well  cemented. 

39  1/2  coarse  gravelly  sand- 
stone. Matrix  is  clayey,  pea 
gravel,  close  to  50*  .Poorly 
bedded  to  massive 

Inter  bedded  med.  red  brown 
clayey  og.  and  gravelly  sand- 
stone. The  eg.  is  cemented  by 
caliche,  hard  fc.  indurated 

Soft  to 

tied. 

Hard 

Soft  to 

Med. 

Hard 

8 

30  — 

96 

9 

35  — 

95 

10 

40  — 

90 

Soft 

11 

45  — 

90 

- 

_ 

NOTES:        1 00%  Vater  Circulation 
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VISUAL  CLASS  IT  ICAT  ION  OF  ROCK 


PROJECT  NUMBER:  85-030B 

PROJECT  NAME:     Gold  Fields  -  Mesquite 

BORING  NUMBER:  ESI-1 

ELEVATION:    638.5  (appro*.) 

DATE  STARTED:     5-5-85 

COORDINATES:     211,6l9E;99,?45N 

DATE  COMPLETED:    5-9-85 

DR  ILL  ING  METHODS :     Rotary 
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CORE  SIZE:      HQ  2  1/2" 

ENG./GEO.      L.Lustig 
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90 

Soitto 

Med. 

Hard 

Gravel  subrooended  to  rounded, 
poor  to  well  cemented. 
Interbedded  med.  red  brown 
clayey  to  gravelly  SS  and 
clayey  to  sandy  eg;  Conglom. 
well  cemented  and  SS  med . 
cemented .  Beds  ranging  irom 
2"  to  6"  tbick 

Interbedded  med.  gray  ooaxe* 
SS,  poorly  cemented  &.  sandy 
(clayey)  og.  (15*)  well 
cemented  with  caliche,  clasts 
subxounded,  poorly  bedded 

Med.  red  brown  coarse 
grained  gravelly  SS,  small 
amount  clayey  matrix,  poorly 
consolidated,  poorly  cemented, 
iriable.  Gravel  up  to  1/2"  0  - 
angular  to  subrounded, 
gradational  to  coarse  sand 
Few  3-6"  tbick  sandy 
conglomerates 

Mod. 
Mod. 

o 

o 

-J 

<! 
< 

12th  run  =  17ityhr.    _I 
13th  run  =  13ityhr.      - 

14th  run  »  20ftyhr.       - 
15th  run  =  20it7hr.      I 

1 6th  run  =  25it./hr. 

12 

50  —_ 

90 

13 

55  "f 

94 

Soitto 

Med. 

Hard 

14 

60  — 
65- 

100 

Soft 

15 

90 

16 

- 

: 

NOTES:       ~  1 00*  cir eolation.  Vater  dropped  -  1  it.  in  a  200  gal.  tank. 
drilling  between  2  5  -  ?  7  it . 
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VISUAL  CLASSIFICATION  OF  ROCK 


PROJECT  NUMBER:  8 5 -03 OB 

PROJECT  NAME:     Gold  Fields  -  Hesquite 

BORING  NUMBER:  ESI-1 

ELEVATION:    638.5  (appr ox.) 

DATE  STARTED:     5-5-85 

COORDINATES:      211,619E;99.745N 

DATE  COMPLETED:    5-9-85 

DR  ILL  ING  METHODS :     Rotary 
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CORE  SIZE:      HQ  2  1/2" 
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DESCRIPTION 
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Slgt 
to 
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Med.H 
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Soft 
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94 
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97 


20 


90  — 


100 


MedH. 


Soft 


Med.H 


Soft 


Med.H 


Soft 


Med. 
Hard 


Slightly  reddish  gray  ds—vr 
eg.  clasts  subrounded  to  sub- 
angular  1 1/4  -3"  0  gravelly 
coarse  SS.  very  weakly 
cemented,  gravel  *  1 0-1 5* 
ausL  clasts 

Clayey  conglomerate. 
Interhedded  slightly  red  gray 
coarse  clayey  SS  and  sandy 
eg.  with  clayey  matrix  -  clasts 
subangular 

Sand  clasts  angular  to  sub- 
augular.  little  fines.  Occas. 
2-3  "  layers  of  fine  clayey  sand 
£  80.5  feet  color  changes  from 
slight  reddish  gray  to  reddish 
gray.  Caliche  impreg.  to  81.0* 

€  84.0'  reddish  brown  clayey 
conglomerate,  clasts 
subangular  to  subroundad 
1/8--1" 

84-84.5"  high  caliche,  below 
84.5  present  in  pockets  end 
coating  clasts 
Interbedded  clayey  eg  and 
gravelly  SS,  reddish  brown  - 
layers  3"-6"  thick  -  clasts 
subrounded  -  caliche  irregular 
in  layers 


Slgt 

to 

Mod 


Hod 


17th  run  =  15-6  ft/hr 

Difficult  to  estimate 
recovery  as  it  comes 
apart.  Stopped 
drilling  £  4:30  pm 
«•  77  ft 


5-7-85  Started 
drillings  7:50  am 

18th  run  =  14.7ft7hr.^ 


19th run  =  26.3  ft./hr.  - 


20-30°Bedding 


20th  run  =  I6ft7hr. 


NOTES:         1 0 Ott  Water  Circulation 
Slgt  =  Slight 
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VISUAL  CLASSIFICATION  OF  ROCK 

PROJECT  NUMBER:  85-030B 

PROJECT  NAME:    Gold  Fields  -  ttesquite 

BORING  NUMBER:    ESI-1 

ELEVATION:     638.5  (approx.) 

DATE  STARTED:    5-5-85 

COORDINATES:      211,619E;99,?45N 

DATE  COMPLETED:    5-9-85 

DRILLING  METHODS:    Rotary 
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CORE  SIZE:     HO  2  1/2" 
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•—< 

X 
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21 

95  -j 

100 

Med. 
Hard 

Light  gray  tan  sandy  eg.  clasts 
subrounded  to  subangular 
2  1/2".  Matrix  med.  silty 
sand,  -well  cemented  with 
calcareous  material. 
Interbedded  light  gray  tan 
gravelly  sand,  poorly  cemented 

Light  gray  tan  sandy  eg.  cla? *3 
subrounded  ap  to  4  J 2"  0 
matrix  silty  sand,  well 
cemented. 

Med.  tan  brown  fine  micaceous 
silty  SS,  poorly  cemented 

Light  gray  tan  sandy  eg. 
massive,  well  cemented 

Med.  tan  brown  fine  micaceous 
silty  SS,  poorly  cemented, 
leas  than  3%  scattered  gravel 
up  to  4"  in  diam  -  massive 

Med .  tan  gray  to  subangular 
sandy  eg.,  clasts  subrounded 
up  to  3  1/2"  matrix  fine 
silty  sand,  poorly  cemented 

Slgt 

en 

o 

u 

s 

M 

o 
o 

53 

US 
H 

a 

ALONG  SUBHORIZONTAL 
SURFACES  0-15° 

21st  run  =  15-6  iXJtu.  " 

22ndrun=  15ft./hr.      . 
12°  Bedding 

24th  run  =  20ft7hr.       - 
25th  run  =  I6ft7hr. 

Soft 

Med. 
Hard 

22 

100— 

100 

23 

105— 

100 

Soft 

Med. 
Hard 

24 

110— 

100 

Soft 

Soft  to 

Med. 

Hard 

25 

- 

NOTES:      i  oo%  Vater  Circulation 
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VISUAL  CLASSIFICATION  OF  ROCK 


PROJECT  NUMBER:  85-030B 

PROJECT  NAME:    Gold  Fields  -  Mesquite 

BORING  NUMBER:    ESI-1 

ELEVATION:    638.5  (approx.) 

DATE  STARTED:    5-5-85 

COORDINATES:     211,619E;99,?45N 

DATE  COMPLETED:     5-9-85 

DR  ILL  ING  METHODS :     Rotary 
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CORE  SIZE:      HO  2  1/2" 
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115- 

100 

- 

25 

Soft  to 

Med. 

Hard 

Med.  gray  tan  gravelly  SS  with 
interbedding  sandy  eg.  layers 
2-4"  thick.  SS  is  med.  grained 
well  sorted  silty  matrix  poorly 
cemented.  Oft.  1/4-2"  0  clasts, 
surrounded  rilty  sand  matrix, 
med.  cementation. 

Med.  tan  brown  sandy  eg. 
clasts  subangular  to  sub- 
rounded  1/4-2"  0  matrix  fine 
silty  sand  mod .  cemented, 
massive. 

Med.  brown  tan  fine  silty 

sandstone,  massive,  poorly 

cemented. 

Med.  tan  brown  gravelly  sand 

scattered  gravel  20-40% 

subangular,  subrounded, 

matrix  silty  sandstone. 

Med.  tan  brown  sandy  eg.  mod. 
well  cemented,  clasts  up  to 
3"  diameter,  subrounded, 
layers  2-3"  thick  of  SS 

Med.  tan  brown  sandy  siltstone 
well  bedded,  poorly  cemented. 

Slgt 
Slgt 

Slgt 

28th  run  =  I6ft7hr.      I 
29th  run  =  I6ft7hr. 

26 

12j~ 

98 

27 

125  — 

100 

28 

130— 

9? 

Soft 

Soft  to 

Med. 

Hard 

29 

135  — 

100 

Soft 

NOTES:         100%  Water  Circulation 
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VISUAL  CLASSIFICATION  OF  ROCK 


PROJECT  NUMBER:  85-03OB 

PROJECT  NAME:    Gold  Fields  -  Hesquite 

BORING  NUMBER:    ESI-1 

ELEVATION:    638.5  (approx.) 

DATE  STARTED:    5-5-85 

COORDINATES:      2il.6l9E;  99,745N 

DATE  COMPLETED :     5-9-85 

DR  ILL  ING  METHODS :     Rotary 
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CORE  SIZE:      HQ  2  1/2" 

ENG./GEO.        L.  Lustig 

GVL                 AT 

HRS. 

8 

n 
a 

D 

DEPTH 
<FT) 

w 
> 

o 

w 

Pi 

cr 
Pi 

Q 

Pi 

-< 

w 

DESCRIPTION 

i— < 
Pi 

W 

n 

•< 

w 
•J 

»— • 

O 

a 
a, 

JOINTING 

REMARKS 

CJ 

« 
p. 

Pi 
(A 

to 

p. 

- 

30 

mo- 

100 

Soft  to 

Med. 

Hard 

Soft  to 

Med. 

Hard 

Soft  to 

Mod. 

Hard 

Med.  tan  bream  graded  bedded 
sequences  8-9"  thick,  from 
sandy  cong.  to  fine  SS  poorly 
bedded,  breaks  along  bedding 
planes.  Moderately  well 
cemented. 

■ 

Med.  tan  brown  interbedded 
silty  SS  with  layers  of  sandy 
eg.  3-6"  thick.  SS  ranges  from 
gravelly  to  very  fine.  Cghas 
clasts  up  to  2"  in  diameter. 
Poorly  bedded  breaks  along 
bedding  planes.  Moderate  to 
poorly  cemented. 

Medium  to  light  silty  to 
gravelly  SS,  layers  2-3"  thick 
of  gravel.     Poorly  cemented, 
poorly  bedded. 

Slgt 

Slgt 
Slgt 

] 
I 

Jeddi 
10° 

:eddi' 
20° 

20° 
70° 

Breaks  along  shear 
surfaces  with  polished   - 
clayey  coating  dipping   " 
10-20°<&  135.5.  same  _I 
polished  surface 
dippings  75°                   "_ 

ilstrun=  18ft7hr. 

32nd  run  =  17.8ft7hr.  I 

Joint  parting  surface   — 
tight,  no  infilling            ~ 

Stopped  drilling  <£ 
4:30  pme  157  ft. 

31 

ms- 

100 

32 

ISO-^ 

100 

33 

155  — 

100 

34 

5-8-85 -Started 
drillings  7:45  am 
34th  run  =  13ft./hr. 

- 

NOTES:       7?  to  1 57  ft.  =  1 00*  Water  Circulation 

EHVICOHUENTAL  SOLDTIOHS.  IHC 
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VISUAL  CLASSIFICATION  OF  ROCK 


PROJECT  NUMBER:  85-030B 

PROJECT  NAME:    Gold  Fields  -  Mesquite 

BORING  NUMBER:   ESI-1 

ELEVATION:    638.5  (approx.) 

DATE  STARTED:    5-5-85 

COORDINATES:      211,6l9E;  99.745N 

DATE  COMPLETED:     5-9-85 

DR  ILL ING  METHODS :     Rotary 

PAGE      8       OF      11 

CORE  SIZE:      HQ  2  1/2" 

ENG./GEO.        L.  Lostig 

GVL                 AT 

HRS. 

B 

n 
2 

D 

DEPTH 
<FT> 

a 

> 

o 
<_> 

w 

Q 
cr 
Pi, 

6? 

8 

U-J 

55 
Q 

-< 

33 

DESCRIPTION 

55 

•— • 

Oi 

w 

n 

!-• 

■< 
W 

> 

W 

*— ■ 

o 
06 

JOINTING 

REMARKS 

o 

K 
Pi 

I/O 

a. 

- 

34 

Bo- 

100 

Soit  to 

Med, 
Hard 

Med.  tan  brown  inter  bedded 
sandy  eg  and  silty  sand.  Cg 
clasts  subrounded  up  to  1.5". 
poorly  cemented,  silty  SS,  line 
grained,  angular  clasts,  poorly 
cemented  gravel  layers  4-6" 
thick,  SS  layers  ■  1-6". 
Po<./ly  bedded. 

Med.  tan  brown  interbedded 
silty,  fine  to  med.  grained  SS 
and  fine  sandy  eg.  Cg4-6" 
tbick,  SS  1  -6",  moderately 
cemented,  poorly  bedded. 

$  172.0  red  brown  tan  fine 
silty  sand,  finely  laminated 
with  dark  minerals,  cross 
bedded,  poorly  cemented. 

«?  1 77.5  red  tan  brown  fine  to 
very  fine  silty  SS,  finely 
laminated  (heavy  minerals) 
cross  bedded,  poorly  to 
moderately  cemented. 

Slgt 

Slgt 

Slgt 
to 

Very 
Slgt 

— 

Beddings  25°                  I 

Beddings  20°                   I 
38thrun=  13ft7hr.    _j 

35 

ies'-] 

100 

36 

170  — 

100 

3? 

175  — 

100 

Solt  to 

Med. 

Hard 

38 

180— 

100 

NOTES: 

ENVIRONMENTAL  SOLUTIONS,  INC 
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VISUAL  CLASSIFICATION  OF  ROCK 


PROJECT  NUMBER:  85-030B 

PROJECT  NAME:     Gold  Fields  -  Hesquite 

BORING  NUMBER:  ESI-1 

ELEVATION:    638.5  (approx.) 

DATE  STARTED:     5-5-85 

COORDINATES:       211,6l9E;99,?45N 

DATE  COMPLETED:    5-9-85 

DRILLING  METHODS:     Rotary 
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CORE  SIZE:      HQ  2  1/2" 

ENG./GEO.      L.Lustig 

GVL                 AT 

HRS. 

CQ 

S 

55 

D 


Pi  ^ 


a 

> 

o 
o 

w 

Pi 


Pi 


ft 

U 

< 


DESCRIPTION 


55 

•— • 

PJ 
« 

< 


W 

j-J 

(M 
O 
Pi 
P. 


JOINTING 


« 
p. 
-< 
Pi 

c5 


P. 

»— • 

Cx 


REMARKS 


39 


185- 


100 


40 


41 


42 


43 


Sort  to 

mod 

hard 


Hod 
hard 


190  — 


100 


100 


195  — 


Mod. 
hard 


200  — 


100 


Mod. 
hard 


100 


fcl  84.5  layer  of  gravelly  sand, 

clasts  up  to  1 "  0  sabr ounded, 

poorly  cemented. 

185.0  Finely  laminated,  silty 

SS.   scattered  gravel. 

«1 86.0  Faultlet  offsetting 

an;?~6". 

1 8V.3  Med.  gray,  brown  (light 
gray  when  dry)  fine  silty  SS, 
laminated  very  homogenous 
grain  site,  mod .  well 
cemented  -  breaks  along 
bedding,  places, 
gravelly  ss  3"  thick  .Clasts 
1/4-1"  0. 


1 92.8  Med.  gray  brown  gravel- 
ly SS  -  gravel  '40*  varigated 
color.  l/8'-l"  O  -Mod. 
cemented  poorly  bedded  to 
massive. 


Med. brown med. to  fine  silty 
sand  in  thicknesses  of  2-4" 
between  1/4"  layers  of  sandy 
silt  &.  clay  -  breaks  along 
clayey  layers  which  are 
polished,  well  bedded,  mod 
cementation. 


Slgt 
to 

V. 

Slgt 


Slgt 
to 
V. 
Slgt 


Bedding  30c 


186'  Faultlet  dipping 
50° 

188-190  hit  small 
amount  of  water. 

4  0th  run  =  13ft/hr    " 


Bedding  20( 


NOTES. 


ENVIBOHMEMTAL  SOLUTIONS,  INC 
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VISUAL  CLASSIFICATION  OF  ROCK 


PROJECT  NUMBER:  85-030B 

PROJECT  NAME:     Gold  Fields  -  Hesquite 

BORING  NUMBER:  ESI-1 

ELEVATION:     638.5  (approx.) 

DATE  STARTED:     5-5-85 

COORDINATES:      211,6l9E;99,745N 

DATE  COMPLETED:    5-9-85 

DRILLING  METHODS:     Rotary 
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CORE  SIZE:      HO  2  1/2" 

ENG./GEO.       L.  Lustig 

GVL                 AT 

HRS. 

S 

D 
oi 


a,  (x 


> 
O 
<_> 

w 

Pi 


cr 

6« 


8 

-< 
w 


DESCRIPTION 


Cb 

>— ( 

oi 

w 

^! 

U 


W 

i-J 

•— • 
(M 
O 
Pi 

Or 


JOINTING 


•— • 
w 

■< 
Oi 

o 


to 


a. 


REMARKS 


205  — 


43 


100 


Med. 
hard 


44 


210- 


45 


215  — 


46 


220  — 


47 


225  — 


t)0 


100 


Med. 
hard 


100 


Micro  fracture  Wdisplacement 
of  <l/2"  bounded  by  con- 
tiguous planes. 

Mudstotve  &.  f in*  SS  soft 

sediment  deformation  medium 

cementation. 

Med.  fcrov/t  s»d.  silty  SS 

well  bedded,  mud -cement 


Med.  gray,  med.  silty  SS, 
massive  to  veil  bedded  (heavy 
minerals  layering) 
Veil  cemented  occassional 
scattered  gravel. 

Med .  gray  sandy  eg,  clasts 
subrounded  up  to  4"  0 
average  1/4-1"  -  Matrix 
silty  sand,  med.  cementation 
massive. 


rery 
slgt 


Bedding  =  25c 


very 
slgt 


4 6th  run  »  20  ft/hr 


Stopped  drilling 
S  16:00,  <?  200  Ft. 


5-9-85 

Started  drillings 
e  9:00,  «  200  Ft. 
Bedding  30° 


100 


Soft  to 

Med. 

hard 


Med.  brovn  silty  SS  v/ 
5*  scattered  gravel,  med. 
to  fine  grained. 


NOTES: 


ENVIRONMENTAL  SOLUTIONS,  INC 
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VISUAL  CLASS HICAT ION  OF  ROCK 


PROJECT  NUMBER:  85-030B 

PROJECT  NAME:     Gold  Fields  -  Mesquite 

BORING  NUMBER:  ESI-1 

ELEV  AT  ION :     638.5  <appr  ox .) 

DATE  STARTED:     5*5-85 

COORDINATES:      211,619E;99,745N 

DATE  COMPLETED:    5-9-85 

DRILLING  METHODS:     Rotary 
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CORE  SIZE:      HQ  2  1/2" 

ENG./GEO.       L.Lustig 

GVL                 AT 

HRS. 

Oi 

Ui 
PQ 

2 

D 
S 

D 
Oi 


U4 
> 

o 
(-> 

w 
os 


PS 


10 

PJ 

-< 


DESCRIPTION 


Oi 

w 

I— 

-< 
W 


W 

•-) 

*— » 

o 
Oi 

PL, 


JOINTING 


o 

K 

a. 


48 


9? 


Soft  to 

cried. 
hard 


230  — 


49 


100 


Med. 
hard 


235  — 


50 


9? 


240  — 


51 


245  — 


Hed. 
hard 
to 

hard 


Med. 
hard 
to 
hard 


52 


250 


Med.  brown  coarse  gravelly 
SS,  matrix  silty  sand, 
gradational  to  layers  3"  thick 
of  sandy  gravel  -  gravel 
subrounded  up  to  3"  0 
average  1/4"  poorly  bedded. 

Inter  bedded  sandy  eg  (1 0%) 
and  gi «v<»lly  SS  (y0*>  -  eg  1  -3 
thick  from  234.8  to  2355 
bedding  determined  by  heavy 
minerals  layering.  Mod. -well 
cemented. 


Med.  brown,  med.  grained, 
clean  SS,  an&  to  sub*xi&  grains, 
mod.  cemented,  interbedded 
gravelly  SS  1 "  thick,  well 

bedded  laminated  some  soft 
sediment  deformation  240.5- 
241 .0  fine  SS  to  silt/clayey 
layers  <1/'16'". 

Med.  gray  well  sorted  SS,  med. 
grained,  well  cemented,  well 
bedded  (bedding  by  heavy 
minerals  layering  1/8"  to  1"). 

Med.  gray  fine  silty  SS,  well 
sorted  layers  of  med  SS. 
247.0  Med.  gray  gravelly  SS 
1 5%  gravel,  clasts  subrounded 
up  to  1/2"  -  average  1/4"  - 
grades  £  249.5  to  sandy  eg 
-  well  cemented. 


48th  run  =  20  ft/hr 


very 
slgt 


Bedding 


r* 


Interbedded 


Bedding3  30 


52nd  run  =  12  ft/hr 


NOTES: 


TD=  250.0  Feet 

Finished  drilling  5-9-85  ^  1 :00  p.m. 

1 00%  water  circulation  from  1 57-250  FT. 
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APPENDIX  F.2 
LITHOLOGIC  LOGS  OF  GW-1  THROUGH  GW-5 


GW-1 


GW-2 


GW-3 


GW-4 


GW-5 


30' 


100' 


ft/. 


/  /  /  . 


/  /  *  , 


/  f  *  . 


/  *  *  . 


/  *  *  . 


ft/. 


10' 


m 


TD310' 
LEGEND 

§§§§  ALLUVIUM 


10' 


D310' 


. 


10' 


35' 


TD  320' 


Tan  to  ight  red,  poorty  consolidated  gravel,  sand  and  sin    Gravel 
clasts  are  angular  to  subangular  and  consist  mainly  ot  metamorphlc 
rock  types  with  subordinate  volcanic  and  granitic  constituents. 


20' 


D361' 


/  . 

s    . 


CONGLOMERATE 


Dense,  wen  consolidated,  variably  Indurated  Interbedded  sandstones, 
conglomerate  and  breccia  with  50%  ot  cores  logged  as  clayey  or 
sllty  matrix.  Generally  ofl-whlte  to  light  brown  and  commonly  caldte 
cemented.  Clasts  are  mostly  metamorphlc  with  subordinate  granitic 
and  volcanic  constituents. 


TD430' 


7    7    7 

£  £  ' 


BASEMENT 


Undltlerentlated  metamorphlc  and  Intrusive  rocks  Including  blotlte 
and  hornblende  gneisses,  muscovlte  schists  and  pegmatite  dikes. 


FIGURE  F.2-1 


LITHOLOGIC  LOGS  OF 
GW-1  THROUGH  GW-5 


MESQUITE  REGIONAL  LANDFILL 


F.2-1 


APPENDIX  F.3 
BORING  LOG  OF  GW-6 


WGtNAl 
Je  with  DWR 


STTATT  C*  CAUKXIMA 
THE  RESOURCES  AGENCY 

DEPARTMENT!"  OF  WATER  RESOURCES 

WATER  WELL  DRILLERS  REPORT 


Do  not  fill  in 


No.    322018 


Nolle*  of  frrt— «  No. 


Local  Pe*mit  Mm  ©r  Dace  , 


Scale  Well  No  . 
Other  Wcn  No. 


(1)  OWNER:      Name  G-C>LDPt  £UP5  K  I  MtMG-   C-OP.P. 


q,   HC-R.  T  .G-l*MlS     vOO/gftrtVAJU-Y  ZIP  T^^T 


(2)  LOCATION  OF  WELL  (See  instructions): 

Conney  IMPERIAL ,_>_,__.•,  w_„  Numbw,  G-VAJ-  & 

Wrll  acWrra  if  different  from  above  .. 

t^TIISS  ..-..U9E.  BE__5S__! 


X«ance  from  citU-,  rrodv  railroads,  fences,  etc.    A*  f  PROA.  5  MlL^ 


PAST     OP    f»i.-    TOOfsJ    OF    OLAr-viS 


(12)    WELL    LOG:    Total  Jeplh  ^OQ  fL  Computed  depth  3  38     f. 
from  fl        to        ft   Firfmaiion  (Dcscrihe  b>- foliir.  character,  jize  or  material) 


O   -"LP    ftLLUVIVJM'.5A,KiDf  SH-T^o^p.4^ 
CO  v\S  id  e.  «-_..>  U.   -C-i'^k.    auriuUf    4*   &__» 


__g_- 


pAgr-     rj^rvv^V.  A-rvgc-B.   cJo,y  f  vi^g^.w^  - 


*T 


3_j_l_!     Sa>Arl  ;u)efl^y    V.'vMe.  Cg^/^ui4-e>c> 


HO  fk  p  I  Q-t  V>  <-  ,  \_i  O  U~r-  b  y-0  y^: 


•fVrJi     k^o  _->**»-■  C»,V^ 


s 


*  -*^  *T 


§_ 


j—^cavsdi. 

gr-     bra co  u\ 


rng 


Ax 


■  ^"-p1 


£r  moIcgw 


*-0  -  ^OO    COfO 


ft-A-Tg.  :  STRA-TiPlPO 


WELL  LOCATION  SKETCH 


(.1)  TYPE  OF  WORK: 

New  Well    S     Deepening  D 

IV'T— —Tiictk— i  □ 

Reconditioning  Q 

Horizontal  WeU  O 

De_ntctio«  O     (Dcscril-* 
destruction  material,  ami  pro- 
cedure, in  flem  12) 

(4)  PROPOSED  US 

Oomrdic 

Irrigation 

Industrial         X"  /""N."* 
Test  Wrll         ^0\) 
"2000  MAinkii^K 

he)/AO&l 


e_fl,V-_LL-Y     SAKa&.glLTV 


^    CUAY.^^-^r,;.,  ... 


WVJ2-Q1  \  u  «*    -(-a  rr;o 


:___-___ 


g^cl-M 


i 


cje. 


>v>gdiu 


T, 


roK   (a^oyJOv  .Grn.ve:U 


f  wu-lu^ 


►w 


_______ 


rnm, 


iCI 


U~  Mu^HSngef 


Slid-  -------  ___-_-_ 


373 


a* 


■* 


sil  4-  oj^-t-U 


G-P-AMcLl    f4-'i«t-  ^v~— »el  «m> 


r-n>.^(      L-lcU4-    \fl 


*"**Q  U>  v~t 


(S)  EQUIPMENT 
notary  O 

cu*  a 

Other     O 


«_  r.vMo^i-le    (Co-  Oa'. 


Wit?     lorMrjU-T-  aoa.^^e^_ 


\c»■.r<,^T-o,*,<> cAo-^4- 


s  - 


2--^0     L.t<^LV  lorpvovv    S;'^7     <^r>avel^4i'nt 


m  »     >.x  v_g   ^  y^rr.VQ«Vll    V\ 


A7^ 


<7>  <^ilS<:  1NSTAU.KIV 


■wA&r;!  «m 


31 


-.    c^v^vvtr- 


y  <~«.ao  >^\.^^  »-t-'y    «^rou>i 


_-il 


*^_ 


:4-,c<. 
It 


From 


•L.70-  "LflO    9»-(»^n^.  bUck-    vole 


-L.Pp-t-90     StU-;  arq^A  ,-£,V.-   ,  y^«--W 


a  n  ,r  c^rnvje: 


— ^  S 


y^Qvc 


■v-i.s 


i?^ 


-3^7.S 


"?oo  -  3A-o  ScA^tJl^ x.  &;t4- 


^r  qreiK1 


SIS 


-qrQvt't^c^  . 


^40-^50    L.>c\Uc4    lar-pwn     Sct-vciy    t^las/ 


(9)  WELL  SEAL 

Wuiwitec  ir^Urr  ml  pnnM>      Tn  H        N»  Q     U  yn.  to  •Uptb . 


JLJ, 


ZlS-8 


1S>-^0 


Lgk? 


»<^0<ukJW 


M^t^i^^u.^  ccMg  u  r  g-»2.oo  r  to  vli.s,'  &4ur.  to  xt.8.  8 


370-4OO      SaUcl^    e^^ov^- 


w.„l  d,»M  TAM-    &  10  9  O      C.mt.JctrU   X&hl    !  L 


(10)  WATER  LEVELS:  .   -'     . 

Drr<»<  ^  f  ln»  wa«er.  if  kr«-«  _"*     **  ^ 

!n»l'«t  U  •»<  after  — ^1  ct«nf>tr<i< 


|HCTCM— 


19 


16 


-7.S0."LJ  LlLk^g 


(11)  WELL  TESTS.    i-«^-«»o  «,^co 

wM  wtl u^ «<«)            t«  «       »*•  D  If  r-<.  Vf  wWwb?  *••  MHjt.r^ 

Tvpr-nflejl                        rsmf)  G  B.un  G                          AarHfl    Q 

DnMhtO.MOTAlttWI^IxinlX^iJ-fl  «~l.il^3QO-'t.       ft 

Om-Junt*  '  ~  ^        pl/nJM  »fi«-r     .  a  «  **    hram  Wnw  l«w»prcii«w  ______ 

<3<r—  irslawilv—lonJr'      Tr»  D        No  R  If  «-— .  I>»  -»t— —  *  ____________________ 

W_rif-n««r  l<«  mad*               >—      _           No    _ '  "  »— .  Jtc—rK.— «  i..if_.  —,.*! 


WELL  DRILLER  S  STATEMENT 

Ffiu  ufff  ic-4  drillrd  unilrr  mu  /ururfirMon  and  I***  rrporf  1»  /rue  lo  the 

hat  of  my  inou •//•./•*■  AniLMirj.  >* 

*-ll  DnlW-) 

NAME    <-AY^E    VOe-ST_ff.rO     t_,Q- , 

ffff%-o  film,  ./<  cnrpnc»l»o-i)(T>'Ti_pdo-'  pnnteo) 

A<idr-«_    ^°3o  E  ■    P-tOC-S     l^OAP 


I.UtT-K..    C-5-f-VS2_C_o<a 


7IP    6S7.7.T 

ihl,.jlto,.1..d7AM-a.^o 


IP    AOOITtOKAC    SPACE    13   NEEOeO.    US4I    NEXT    CONS€CUT1v_r    NUMSERCO   FOOM 


F.3-1 


-A       —.1U 


APPENDIX  F.4 
LITHOLOGIC  LOG  OF  ESI-2 


VISUAL  CLASSIFICATION  OF  ROCK 


PROJECT  NUMBER:            9 1-296 

PROJECT  NAME:             GFOC  - 

Mesquite  Regional  Landfill 

BORING  NUMBER:              ES|_2 

ELEVATION:   ~560  feet  above 
mean  sea  level 

DATE  STARTED: 

10-16-92 

COORDINATES:       Southwest  Corner  at  Section  1 8,  Tl  35,  R1 9E 

DATE  COMPLETED: 

10-18-92 

DRILLING  METHODS:        Mud  Rotary  Core 
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CORE  SIZE:            2.5"  HQWL 

ENG./GEO.           R.  Puga 

GWL              AT 

HRS. 

cc 

LU 

CO 

\- 

2> 

u_ 

3 
z 

I 

z 

Q. 

z» 

LU 

cc 

Q 

Q 

LU 
CC 
LU 
> 

O 
o 

LU 
CC 


LU 

z 

Q 
(X 
< 

T. 


DESCRIPTION 


z 

CC 
LU 

I 
I- 
< 
LU 


LU 

_J 

LL 

o 

oc 

Q. 


JOINTING 


O 

I 

< 

CC 
CD 


w 


a. 
Q 


REMARKS 


100 


10- 


100 


15- 


93 


20  — 


100 


25  — 


100 


30  — 


100 


35  — 


100 


40— I 


Younger  Alluvium:   Grey,  loose  sands  and  gravels, 
topped  with  desert  pavement. 
-Intermediate  Alluvium:  Reddish  brown  silty  sands 
and  gravels,  layers  of  very  good  caliche 
development,  moderately  cemented  otherwise, 
clasts  of  igneous  and  metamorphic  origin,  ranging  in 
size  from  cobbles  to  silt,  grains  are  subangular,  very 
little  moisture. 


-Bear  Canyon  Conglomerate:   Brown  to  reddish 

brown,  sand  and  gravel  conglomerate,  trace  silts, 

angular  to  subangular  clasts,  poorly  consolidated, 

massive  structure,  not  cemented. 

-1  7'  formation  more  consolidated,  still  not  well 

cemented. 


-20'  range  of  clasts  from  2"  diameter  gravels  to 
silts  and  clays. 


Sit. 
W 


-texture  is  coarser,  less  fines. 


W 


W 

M 


t 


•zone  of  less  consolidation  and/ or  cementation. 


-dasts  ranging  to  3  -  4"  diameter. 


Start  at  1 020. 


NOTES:     Sit  -  Slightly  Weathered 

M  *    Moderately  Weathered 
W  »    Weathered 


Mud  is  50  viscosity. 

Matrix  of  conglomerate  is  sand  to  silty  sand,  not  cemented,  very  crumbly. 

At  the  time  of  installation,  the  Field  Geologist  names  the  boring  MWB-2.  The  designation 

was  changed  to  ESI-2  to  be  consistent  with  previous  on-site  drilling. 
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PROJECT  NUMBER:           91-296 

PROJECT  NAME:              GFOC  -  Mesquite  Regional  Landfill 

BORING  NUMBER:              ES|.2 

ELEVATION:    ~560  feet  above 

mean  sea  level 

DATE  STARTED: 

10-16-92 

COORDINATES:       Southwest  Corner  at  Section  1 8,  T1 35,  R1 9E 

DATE  COMPLETED: 

10-18-92 

DRILLING  METHODS:        Mud  Rotary  Core 
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* 


-zone  of  moderate  consolidation,  increase  in  fine 
grained  material. 

-formation  is  less  consolidated. 


-size  of  clasts  ranges  from  coarse  sand  to 
gravels. 


-range  is  from  gravels  to  silts. 
-3"  to  4"  diameter  gravels  generally 
becoming  coarser  grained. 


W 


>5 


-increase  in  silt  and  clays. 


-erosional  contact 

-74.5'  metamorphic  bedrock. 

Metamorphic  Basement:  White  to  light  greenish 

white,  large  crystals  (1/4  -  1/2"  diameter)  in 

aphanitic  matrix,  very  decomposed,  crystals  are 

hard  >5,  closely-spaced  fractures,  hairline  width, 

appear  to  be  closed,  core  is  dry  in  center. 


-Run  No.  1 1  at  1 300.  - 


Vs?vV 


M 
to 
W 


NOTES:  Mud  is  50  viscosity. 
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VISUAL  CLASSIFICATION  OF  ROCK 


PROJECT  NUMBER:           91-296 

PROJECT  NAME:              GFOC  -  Mesquite 

Regional  Landfill 

BORING  NUMBER:              ES,_2 

ELEVATION:    ~560  feet  above 
mean  sea  level 

DATE  STARTED: 

10-16-92 

COORDINATES:       Southwest  Corner  at  Section  18.T135,  R19E 

DATE  COMPLETED: 

10-18-92 

DRILLING  METHODS:        Mud  Rotary  Core 
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to 

W 


-87'  fractures,  open,  1/8"  wide,  mineralization  of 
fracture  surface,  hairline  fractures  are  spaced  at 
about  5-6"  apart,  mineralization  along  fracture 
faces. 


M 
to 
Sit. 


-zone  of  high  degree  of  decomposition, 
-zone  of  mid  degree  of  decomposition. 

-zone  of  moderate  to  high  decomposition 
fractures  at  1 '  spacing,  hairline,  not  open. 


W 


M 

to 

W 


-more  competent  rock,  slightly  weathered, 
fractures  at  6"  spacing. 


Sit. 
to 
M 


-some  foliation  of  crystals,  planes  of  weakness, 
rock  breaks  at  planes. 

-j— 1 1  9.5  zone  of  high  decomposition  and  clay 
development. 


W 


50* 


50' 


Run  No.  23  at 
1500. 


Run  No.  25  at 
1530. 
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VISUAL  CLASSIFICATION  OF  ROCK 


PROJECT  NUMBER:            91-296 

PROJECT  NAME:            GFOC  -  Mesquite 

Regional  Landfill 

BORING  NUMBER:              ES|_2 

ELEVATION:    ~560  feet  above 
mean  sea  level 

DATE  STARTED: 

10-16-92 

COORDINATES:       Southwest  Corner  at  Section  18,  T13S,  R19E 

DATE  COMPLETED: 

10-18-92 

DRILLING  METHODS:        Mud  Rotary  Core 
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>5 


32 


155- 


100 


33 


-    100 


160- 


-zone  of  high  decomposition  and  clay 
development,  fractures  at  -5"  to  6". 


-zone  of  high  decomposition  and  more  clay 
development.   Fractures  at  5"  to  6",  hairline,  not 
open. 


50* 


-134'  stopped  at 
1600.  10-17-92 
Start  @  0800. 


50* 
and 
90" 


50° 


Run  No.  33  at  0925.    - 


NOTES: 
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VISUAL  CLASSIFICATION  OF  ROCK 


PROJECT  NUMBER:            91.296 

PROJECT  NAME:              GFOC  -  Mesquite 

Regional  Landfill 

BORING  NUMBER:              ES,_2 

ELEVATION:      -560  feet  above 
mean  sea  level 

DATE  STARTED: 

10-16-92 

COORDINATES:       Southwest  Corner  at  Section  18,  T135,  R19E 

DATE  COMPLETED: 

10-18-92 

DRILLING  METHODS:        Mud  Rotary  Core 
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185- 


39 
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190— 


40 


100 


195- 


41 
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200— 


-biotite  gneiss:   fractures  at  3"  to  6"  open  to 
1  /I  6",  good  mineralization  in  fractures, 
-crystalline:   very  fractured  with  very  good 
mineralization  and  red  clay  development 
decomposed. 


M 
W 


-very  fractured,  very  good  clay  development, 
mineralization,  well  fractured. 


-biotite  gneiss:  green  grey,  very  fractured, 
-crystalline:  good  clay  development,  very  fractured. 


-187'  biotite  gneiss:  fractured,  good  clay 
development,  very  decomposed,  limonite  fractures 
appear  open. 


W 


W 


50° 


-0950  -  driller  stops 
to  check  if  core 
barrel  is  correct. 
Start  1 1 00. 


-Stop  1  300  to  mix 
new  mud  and  get 
load  of  water. 
Start  1350. 


NOTES: 


L 
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VISUAL  CLASSIFICATION  OF  ROCK 


PROJECT  NUMBER:            91-296 

PROJECT  NAME:              GFOC  -  Mesquite  Re 

gional  Landfill 

BORING  NUMBER:              ES)_2 

ELEVATION:     ~560  ^eet  above  mean 
sea  level 

DATE  STARTED: 

10-16-92 

COORDINATES:       Southwest  Corner  at  Section  1 8,  Tl  35,  Rl  9E 

DATE  COMPLETED: 

10-18-92 

DRILLING  METHODS:        Mud  Rotary  Core 

PAGE     6          OF 

9 

CORE  SIZE:            2.5"  HQWL 

ENG./GEO.           R.  Puga 

GWL              AT 

HRS. 

cc 

LU 
CQ 


=5 
CC 


Q. 

LU 

Q 
200- 


Q 

LU 
CC 
LU 
> 

O 

o 

LU 
CC 


w 

LU 

z 

Q 
CC 
< 

I 


DESCRIPTION 


z 

CC 

LU 

X 
H 
< 
LU 


LU 

_j 

LL 

o 

CC 


JOINTING 


O 

I 

Q. 
< 

CC 

o 


Cl 
Q 


REMARKS 


42 


43 


44 


20; 


21i 


21 


100 


100 


100 


45 


220- 


100 


46 


221 


100 


47 


230- 
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48 
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240- 


■    100 


-biotite  gneiss:  very  fractured,  clay 
development,  mineralization. 

-203':   infilling  of  fracture  with  quartz,  very 
mineralized  fractures  spaced  at  6"  to  1 '  apart. 


W 


50' 


I 


-213':  green  and  red  clay  development  in 
fracture. 


-21  7.5':   green  and  red  clay  development. 


-Run  46  at  1450. 


biotite  gneiss:  red  and  green  clay  development, 
less  fracturing  than  above,  decomposed  rock. 


-absence  of  biotite  and  dark  green  matrix,  light 
colored  crystalline  igneous.  Light  green 
mineralization. 


50" 


-more  competent  core,  still  some  degree  of 
fissibility.   Fracture  faces  are  altered. 


NOTES: 
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VISUAL  CLASSIFICATION  OF  ROCK 


PROJECT  NUMBER:            91-296 

PROJECT  NAME:              GFOC  -  Mesquite 

Regional  Landfill 

BORING  NUMBER:              ES|_2 

ELEVATION:     -560  feet  above  mean 
sea  level 

DATE  STARTED: 

10-16-92 

COORDINATES:       Southwest  Corner  at  Section  18,  T1  35,  R1 9E 

DATE  COMPLETED: 

10-18-92 

DRILLING  METHODS:        Mud  Rotary  Core 
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50° 


-increased  green  and  red  clay  development. 


-highly  mineralized  fractured  zone. 

-decreasing  fracturing.   Still  high  to  mid  degree  of 

alteration. 

-becoming  more  decomposed  and  altered,  less 

fracturing  at  3"  to  6"  intervals. 


W 


Run  No.  51  at  1610.     - 

Stopped  at  1 630. 
10/18/92. 


-brecciated  gouge. 

-more  competent  rock,  very  hard  and 

consolidated,  less  weathered  and  fractured. 

-very  fractured  and  altered  zone,  fractures  air 
tight  but  not  cemented  closed. 


-gneiss:  very  fractured  and  altered  zone,  green 
and  red  mineralization,  rock  is  friable  along 
foliation. 


W 


NOTES: 
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VISUAL  CLASSIFICATION  OF  ROCK 
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PROJECT  NAME:              GFOC  -  Mesquite  Regional  Landfill 

BORING  NUMBER:              ES)_2 
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sea  level 
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10-16-92 
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DRILLING  METHODS:        Mud  Rotary  Core 
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-gneiss:  less  fracturing  and  alteration. 


-intensely  fractured  zone,  good  to  moderate 
alteration,  red  clay,  green  clay,  friable. 


-Run  No.  60  at  1  205.    - 


-intensely  fractured,  good  clay  development, 
friable. 


-304.5':   zone  of  intense  red  clay  development, 
alteration  parameters  throughout. 


M 
to 
W 


W 


Center  of  core 
appears  to  be  slightly 
wet(?) 


-increase  in  green  clay  alteration. 


NOTES: 
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PROJECT  NUMBER:            91-296 

PROJECT  NAME:              GFOC  -  Mesquite  Regional  Landfill 

BORING  NUMBER:              ES|_2 

ELEVATION:     ~560  ^eet  above  mean 
sea  level 

DATE  STARTED: 

10-16-92 
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-gneiss:   intensely  altered  to  red  and  green  clays 
in  fracture  face,  very  fractured,  wet  (?) 
-cutting  shows  at  trace  of  moisture  in  center  of 
core. 


-333':   zone  of  intense  red  clay  alteration, 
secondary  green  clay  alteration. 


-Mud  viscosity  at  36.    - 


-Mud  viscosity  at  34.    Z 


a  a  a 


72 


355- 


100 


360- 


-TD  -  354  feet. 


NOTES"       Mud  viscos^y  has  been  dropping. 
TD  -  354  feet  at  1  630. 
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APPENDIX  F.5 
LITHOLOGIC  LOG  AND  WELL  COMPLETION  DETAILS  OF  LGW-1 


WELL  COMPLETION  DETAILS 


LITHOLOGIC  LOG 


CEMENT/BENTONITE 
GROUT 


4'  0  BLANK  CARBON 
STEEL  WELL 
CASING 


BENTONITE 
PELLETS 

NO.  30  FILTER  SAND 

DIELECTRIC 
COUPLING 


GRAVEL  PACK 


4"  0,  0.03* 

SLOTTED  STAINLESS 
STEEL  WELL 
SCREEN 


SLOUGH 


540' 


—  -10' 


&~ 


ALLUVIUM 

BEAR  CANYON 
CONGLOMERATE 


-75' 


METAMORPHIC 
BASEMENT  ROCK 


540' 


NOTE:  At  the  time  of  installation  the  field  geologist  named  the 
well  MWB-2.  Its  designation  was  changed  to  LGW-1 
to  be  consistent  with  the  monitoring  well  designation  program. 


NOT  TO  SCALE 


FIGURE  F.5-1 

LITHOLOGIC  LOG 

AND  WELL  COMPLETION 

DETAILS  OF  LGW-1 


MESQUITE  REGIONAL  LANDFILL 
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APPENDIX  F.6 
LITHOLOGIC  LOG  AND  WELL  COMPLETION  DETAILS  OF  LGW-2 


WELL  COMPLETION  DETAILS 


LITHOLOGIC  LOG 


CEMENT/BENTONITE 
GROUT 


4'  0  SCH.  40  PVC 
WELL  CASING 


BENTONITE 
PELLETS 

NO.  30 
FILTER  SAND 


4"  x  6"  0  PREPAC 
WELL  SCREEN 


GRAVEL  PACK 


SLOUGH 


190' 


ALLUVIUM 


BEAR  CANYON 
CONGLOMERATE 


GROUND  WATER  ENCOUNTERED  AT 
140  FEET  BELOW  SURFACF 


NOTE:  At  the  time  of  installation  the  field  geologist  named  the 
well  MWB-1 .  Its  designation  was  changed  to  LGW-2 
to  be  consistent  with  the  monitoring  well  designation  program. 


NOT  TO  SCALE 


FIGURE  F.6-1 

LITHOLOGIC  LOG 

AND  WELL  COMPLETION 

DETAILS  OF  LGW-2 


MESQUITE  REGIONAL  LANDFILL 


F.6-1 


APPENDIX  G 
HELP  MODEL  CALCULATIONS 


APPENDIX   G 

HYDROLOGIC  EVALUATION  OF  LANDFILL  PERFORMANCE 

(HELP)  COMPUTER  PROGRAM') 


1 .  The  Hydrologic  Evaluation  of  Landfill  Performance  (HELP)  computer  program  is  a 
quasi-two-dimensional  hydrologic  model  of  water  movement  across,  into,  through,  and  out 
of  landfills.  The  model  accepts  climatologic,  soil,  and  design  data  and  utilizes  a  solution 
technique  that  accounts  for  the  effects  of  surface  storage,  runoff,  infiltration,  percolation, 
evapotranspiration,  soil  moisture  storage,  and  lateral  drainage.  The  program  was  developed 
to  facilitate  rapid  estimation  of  the  amounts  of  runoff,  drainage,  and  leachate  that  may  be 
expected  to  result  from  the  operation  of  a  wide  variety  of  landfill  designs. 

2.  The  following  parameters  were  used  for  the  Mesquite  Regional  Landfill  (see  Attachment  G): 

•  Precipitation:  Based  on  site-specific  data. 

•  Runoff  (inches):  Assumed  none;  all  precipitation  would  infiltrate 
(conservative). 

•  Solar  Radiation:  Default  for  Yuma,  Arizona  data. 

•  Maximum  Leaf  Area  Index:  Assume  none  (bare  ground). 

•  Temperature:  Based  on  site-specific  data. 

•  Growing  Season:  Default  using  Yuma,  Arizona  data. 

•  Other  Climatological:  Default  using  Yuma,  Arizona  data. 

Yuma,  Arizona  was  selected  for  default  values  because  of  its  proximity  (6.0  miles)  to  the  site 
and  is  in  the  same  climatological  classification  (iow  desert  region). 

The  conclusion  reached  by  the  HELP  model  for  the  above  parameters  is  that  evaporation  rate 
exceeds  infiltration  rate,  which  results  in  a  reduction  in  moisture  in  the  waste  as  opposed  to  an 
increase  due  to  infiltration. 


(^      The  Hydrologic  Evaluation  of  Landfill  Performance  (HELP)  Model  Volume  I.  User's  Guide  For  Version  1 . 
By  PR.  Schroeder,  et  ai.    August,  1983. 
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ATTACHMENT  G 
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ARID  LANDFILL 

MESQUITE  MINE,  IMPERIAL  COUNTY 

JANUARY  23, 1992 


t*****************i 


r************i 


r  «  *  *  *  *  i 


LAYER   1 


THICKNESS 

POROSITY 

FIELD   CAPACITY 

WILTING   POINT 

INITIAL  SOIL  WATER  CONTENT 

SATURATED  HYDRAULIC  CONDUCTIVITY 


VERTICAL  PERCOLATION  LAYER 

6.00  INCHES 


0.4  000  VOL/VOL 
0.2000  VOL/VOL 
0.0500  VOL/VOL 
0.2500  VOL/VOL 
0.000010000000    CM/SEC 


GENERAL  SIMULATION  DATA 


SCS  RUNOFF  CURVE  NUMBER 
TOTAL   AREA   OF   COVER 
EVAPORATIVE    ZONE    DEPTH 
POTENTIAL   RUNOFF   FRACTION 
UPPER   LIMIT   VEG.    STORAGE 
INITIAL  VEG.  STORAGE 
INITIAL   SNOW   WATER   CONTENT 
INITIAL  TOTAL  WATER  STORAGE  IN 
SOIL  AND  WASTE  LAYERS 


80.00 
S71200.    SO   FT 

18.00    INCHES 
0.000000 
2.4000    INCHES 
1.5000    INCHES 
0.0000    INCHES 

1.5000    INCHES 


SOIL  WATER  CONTENT  INITIALIZED  BY  USER. 


CLIMATOLOGICAL   DATA 


USER  SPECIFIED  RAINFALL  WITH  SYNTHETIC  DAILY  TEMPERATURES  AND 
SOLAR  RADIATION  FOR       YUMA  ARIZONA 
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ATTACHMENT  G 

(Continued) 

MAXIMUM  LEAF  AREA  INDEX  =0.00 

START  OF  GROWING  SEASON  (JULIAN  DATE)   =    48 
END  OF  GROWING  SEASON  (JULIAN  DATE)      =   364 


NORMAL  MEAN  MONTHLY  TEMPERATURES,  DEGREES  FAHRENHEIT 
JAN /JUL      FEB/AUG      MAR/SEP      APR/OCT      MAY/NOV      JUN/DEC 


56.80 

59.60 

64.10 

74.00 

75.80 

86.30 

91.40 

89.40 

86.60 

78.10 

65.80 

58.00 

r***«**********i 


r  *  *  •  *  •  *  1 


r****»****l 


MONTHLY  TOTALS  FOR  YEAR  1989 


JAN/JUL  FEB/AUG  MAR/SEP  APR/OCT  MAY/NOV  JUN/DEC 


PRECIPITATION  (INCHES)    0.00     0.00     0.00     0.00     0.00     0.00 

0.01     0.00     0.00     0.00     0.00     0.00 


RUNOFF  (INCHES) 


EVAPOTRANSPIRATION 
(INCHES) 

PERCOLATION  FROM 
LAYER   1  (INCHES) 


0.000  0.000  0.000  0.000  0.000  0.000 

0.000  0.000  0.000  0.000  0.000  0.000 

1.122  0.000  0.000  0.000  0.000  0.000 

0.009  0.000  0.000  0.000  0.000  0.000 

0.0786  0.0000  0.0000  0.0000  0.0000  0.0000 

0.0000  0.0000  0.0000  0.0000  0.0000  0.0000 


ANNUAL  TOTALS  FOR  YEAR  1989 


PRECIPITATION 

RUNOFF 

EVAPOTRANSPIRATION 

PERCOLATION  FROM  LAYER   1 

CHANGE  IN  WATER  STORAGE 

SOIL  WATER  AT  START  OF  YEAR 

SOIL  WATER  AT  END  OF  YEAR 


(INCHES)      (CU.  FT.)     PERCENT 
0.01  726.     100.00 

0.000  0.       0.00 

1.132 

0.0786        5704.     785.70 
-1.200 
1.50 


0.30 


82147. 

5704. 

-87126. 

108900. 

21774. 
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ATTACHMENT  G 

(Continued) 


SNOW  WATER  AT  START  OF  YEAR  0.00  0. 

SNOW  WATER  AT  END  OF  YEAR  0.00  0. 

ANNUAL  WATER  BUDGET  BALANCE  0.00  0.       0.00 

r**»************»****»*******************************»***»»********l 


MONTHLY  TOTALS  FOR  YEAR  1990 


JAN/JUL  FEB/AUG  MAR/SEP  APR/OCT  MAY/NOV  JUN/DEC 


PRECIPITATION  (INCHES)    0.00  0.00  0.00  0.00  0.00  0.00 

0.08  0.10  0.01  0.00  0.00  0.00 

RUNOFF  (INCHES)  0.000  0.000  0.000  0.000  0.000  0.000 

0.000  0.000  0.000  0.000  0.000  0.000 

EVAPOTRANSPIRATION        0.000  0.000  0.000  0.000  0.000  0.000 

(INCHES)  0.080  0.078  0.032  0.000  0.000  0.000 

PERCOLATION  FROM  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000 

LAYER   1  (INCHES)       0.0000  0.0000  0.0000  0.0000  0.0000  0.0000 

*********************************************************************** 


r  ******* i 


ANNUAL  TOTALS  FOR  YEAR  1990 


(INCHES)      (CU.  FT.)     PERCENT 
PRECIPITATION  0.19         13794.     100.00 

RUNOFF  0.000  0.       0.00 

EVAPOTRANSPIRATION  0.190         13793.      99.99 

PERCOLATION  FROM  LAYER   1  0.0000  0.       0.00 

CHANGE  IN  WATER  STORAGE  0.000  1.       0.01 

SOIL  WATER  AT  START  OF  YEAR 
SOIL  WATER  AT  END  OF  YEAR 
SNOW  WATER  AT  START  OF  YEAR 
SNOW  WATER  AT  END  OF  YEAR 


0.190 

13793. 

0.0000 

0. 

0.000 

1. 

0.30 

21774. 

0.30 

21775. 

0.00 

0. 

0.00 

0. 
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ATTACHMENT  G 

(Continued) 


ANNUAL  WATER  3'JDGET  BALANCE 


0.00 


0. 


0.00 


MONTHLY    TOTALS    FOR    YEAR    1991 


JAN/JUL    FEB/AUG    MAR/SEP    APR/OCT    MAY/NOV    JUN/DEC 


PRECIPITATION     (INCHES)         0.01  0.01  0.02  0.00  0.00  0.00 

0.00     0.14     0.09     0.00     0.00     0.01 


RUNOFF  (INCHES) 


0.000    0.000    0.000    0.000    0.000    0.000 
0.000    0.000    0.000    0.000    0.000    0.000 


EVAPOTRANSPIRATION 
(INCHES) 


PERCOLATION  FROM 
LAYER   1  (INCHES) 


0.010  0.004  0.026  0.000  0.000  0.000 

0.000  0.051  0.099  0.081  0.000  0.010 

0.0000  0.0000  0.0000  0.0000  0.0000  0.0000 

0.0000  0.0000  0.0000  0.0000  0.0000  0.0000 


ANNUAL  TOTALS  FOR  YEAR  1991 


PRECIPITATION 


RUNOFF 


EVAPOTRANSPIRATION 


(INCHES) 

(CU.  FT.) 

PERCENT 

0.28 

20328. 

100.00 

0.000 

0. 

0.00 

0.280 

20328. 

100.00 

PERCOLATION  FROM  LAYER   1 


0.0000 


0.00 


CHANGE  IN  WATER  STORAGE 


SOIL  WATER  AT  START  OF  YEAR 


SOIL  WATER  AT  END  OF  YEAR 


0.000 


0.30 


0.30 


0. 
21775. 
21775. 


0.00 


SNOW  WATER  AT  START  OF  YEAR 
SNOW  WATER  AT  END  OF  YEAR 
ANNUAL  WATER  BUDGET  BALANCE 


0.00 
0.00 
0.00 


0. 
0. 
0.       0.00 


ATTACHMENT  G 

(Continued) 


r»**»********«**«**i 


AVERAGE  MONTHLY  VALUES  IN  INCHES  FOR  YEARS  1989  THROUGH  1991 


JAN/JUL  FEB/AUG  MAR/SEP  APR/OCT  MAY/NOV  JUN/DEC 


PRECIPITATION 


TOTALS 


STD.  DEVIATIONS 


RUNOFF 

TOTALS             0.000  0.000  0.000  0.000  0.000  0.000 

0.000  0.000  0.000  0.000  0.000  0.000 

STD.  DEVIATIONS     0.000  0.000  0.000  0.000  0.000  0.000 

0.000  0.000  0.000  0.000  0.000  0.000 

EVAPOTRANSPIRATION 


0.00 

0.00 

0.01 

0.00 

0.00 

0.00 

0.03 

0.08 

0.03 

0.00 

0.00 

0.00 

0.01 

0.01 

0.01 

0.00 

0.00 

0.00 

0.04 

0.07 

0.05 

0.00 

0.00 

0.01 

TOTALS  0.377  0.001  0.009  0.000  0.000  0.000 

0.030  0.043  0.044  0.027  0.000  0.003 

STD.  DEVIATIONS     0.645  0.002  0.015  0.000  0.000  0.000 

0.044  0.040  0.050  0.047  0.000  0.006 

PERCOLATION  FROM  LAYER   1 


TOTALS             0.0262  0.0000  0.0000  0.0000  0.0000  0.0000 

0.0000  0.0000  0.0000  0.0000  0.0000  0.0000 

STD.  DEVIATIONS     0.0454  0.0000  0.0000  0.0000  0.0000  0.0000 

0.0000  0.0000  0.0000  0.0000  0.0000  0.0000 


AVERAGE  ANNUAL  TOTALS  &  (STD.  DEVIATIONS)  FOR  YEARS  1989  THROUGH  1991 

(INCHES)  (CU.  FT.)     PERCENT 

PRECIPITATION                0.16    (  0.137)  11616.     100.00 

RUNOFF                       0.000   (  0.000)  0.       0.00 
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(Continued) 


EVAPOTRANSPIRATION  0.534   (  0.520)        38756. 

PERCOLATION  FROM  LAYER   1     0.0262  (  0.0454)        1901. 
CHANGE  IN  WATER  STORAGE      -0.400   (  0.693)       -29042. 


333.64 
16.37 


PEAK  DAILY  VALUES  FOR  YEARS  1989  THROUGH  1991 

(INCHES)       (CU.  FT.) 


PRECIPITATION 


RUNOFF 


PERCOLATION  FROM  LAYER   1 


SNOW  WATER 


0.10 


0.000 


0.0108 


0.00 


7260.0 


0.0 
781.9 

0.0 


MAXIMUM  VEG.  SOIL  WATER  (VOL/VOL) 
MINIMUM  VEG.  SOIL  WATER  (VOL/VOL) 


0.2500 


0.0498 


FINAL  WATER  STORAGE  AT  END  OF  YEAR  1991 
LAYER        (INCHES)         (VOL/VOL) 
1            0.30  0.0500 

SNOW  WATER       0.00 
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APPENDIX  H 

ANALYSIS  OF  TRIPLE-COMPOSITE  LINER  PERFORMANCE 

H .  1       TRIPLE-COMPOSITE  LINER 
H.2      LCRS  CALCULATIONS 
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1.0     INTRODUCTION 

1 .  This  appendix  describes  the  ground  water  protection  system  designed  for  the  proposed 
Mesquite  Regional  Landfill.  This  ground  water  protection  system  is  designed  to  prevent 
ground  water  contamination  due  to  migration  of  either  leachate  or  landfill  gas  (LFG)  from 
the  landfill.  The  system  includes  the  following  primary  components: 

•  Controls  for  management  and  collection  of  liquids  or  gases  that 
form  within  the  landfill,  without  allowing  them  to  migrate  into  the 
subsurface. 

•  Monitoring  for  early  identification  of  liquids  or  gases  which  could  migrate 
and  eventually  contaminate  ground  water. 

•  Response  procedures  to  quickly  mitigate  conditions  which  could  result  in 
migration  and  eventual  contamination  of  ground  water. 

The  underlying  philosophy  for  the  design  is  to  provide  redundancies  in  the  control  and 
monitoring  systems  to  assure  a  high  level  of  confidence  that  potential  migrating  liquids  or 
gases  can  be  prevented  from  moving  out  of  the  landfill  and  contaminating  ground  water. 
Table  H.l-1  summarizes  the  redundant  systems  to  be  provided  for  the  initial  landfill  disposal 
segments.  The  response  procedures  are  designed  to  mitigate  conditions  which  create  the 
low  potential  for  migration  of  liquids  or  gases  into  the  ground  water  long  before  any  real 
threat  exists. 

2 .  The  natural  environment  at  the  proposed  project  site  has  features  that  protect  ground 
water  from  contamination.  One  feature  is  the  arid  climate  that  offers  little  rain  that  can 
fall  on  the  proposed  landfill.  Only  4  inches  of  rain  would  fall  on  average  each  year,  in 
comparison  with  an  evaporation  rate  of  approximately  100  inches.  Additionally,  ground  water 
is  deep  below  the  planned  disposal  elevation.  In  the  initial  cell,  where  these  control  and 
monitoring  systems  are  expected  to  be  most  extensive,  the  vadose  (unsaturated)  zone  is  about 
340  feet  thick.  The  majority  of  this  vadose  zone  consists  of  Bear  Canyon  Conglomerate 
formation,  which  has  a  low  hydraulic  conductivity  of  10-6  cm/sec  or  less.  The  shallowest 
depth  to  ground  water  is  about  140  feet  in  the  northwest  corner  of  the  landfill.  Disposal 
operations  at  that  location  not  expected  to  begin  until  after  about  80  years  of  operating 
experience. 

3 .  Section  2.0  describes  the  characteristics  of  leachate  and  LFG  which  would  potentially  occur 
within  the  landfill.  These  include  consideration  of  the:  (1)  rates  of  leachate  and  LFG 
generation  which  could  potentially  occur;  and  (2)  chemical  composition  which  could  be 
expected  for  each. 
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4.     The  Section  3.0  discussion  is  directed  toward  the  expected  performance  of  the  basic  leachate 
and  LFG  control  systems.  For  leachate  control,  consideration  includes  landfill: 


Development  and  operational  procedures. 
Closure  procedures. 


For  LFG  control,  this  includes  the  horizontal  collector  system,  which  will  be  incorporated  into 
the  landfill  from  the  beginning  of  operations.  Each  system  is  being  designed  to  include 
redundant  elements  aimed  toward  maintaining  a  very  low  potential  for  migration  of  leachate  or 
LFG  to  occur. 

5 .     The  potential  migration  rate  and  fate  of  leachate  or  LFG,  if  any  were  to  migrate  beyond  the 
basic  control  systems,  is  also  discussed  in  Section  3.0.  This  discussion  focuses  on  conditions 
at  the  first  disposal  segment,  which  would  be  in  the  southwest  corner  of  the  landfill.  This  area 
is  emphasized  because: 

•  It  is  located  at  the  downgradient  portion  of  the  landfill. 

•  The  RWQCB  desires  assurance  that  special  degrees  of  protection  and 
monitoring  are  applied  to  the  initial  development  of  large  regional 
landfills.  This  would  provide  a  high  level  of  assurance  that  the  anticipated 
behavior  is  being  realized  as  early  as  possible  during  landfill  development. 

When  the  performance  is  demonstrated  to  be  satisfactory,  it  may  be  possible  to  reduce  some 
monitoring  requirements  at  future  segments  during  mandatory  5-year  reviews  of  the 
Waste  Discharge  Order  (WDO). 


2.0     POTENTIAL  CONTAMINANT  SOURCES 

1 .     The  two  potential  contaminant  sources  from  the  proposed  Mesquite  Regional  Landfill  would 
be:  ( 1 )  leachate  generated  due  to  liquids  migrating  through  the  soil  cover  and  waste  materials; 
and  (2)  LFG  generated  due  to  the  biological  degradation  of  organic  material  (e.g.,  cellulose)  in 
the  waste.  The  expected  generation  rates  and  composition  of  these  fluids  are  described  in  the 
following  sections. 


2.1  LEACHATE 

1 .     Because  liquid  wastes  would  not  be  disposed  at  the  proposed  Mesquite  Regional  Landfill, 
potential  leachate  generation  would  only  be  associated  with  rain  which  may  fall  onto  and 
infiltrate  through  the  compacted  municipal  solid  waste  (MSW)  residue.  It  is  not  anticipated 
that  leachate  will  be  generated  for  most  of  the  operating  life  nor  at  closure  for  each  disposal 
segment  due  to  the  arid  climate  in  the  site  area. 
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2.  The  primary  exception  would  be  associated  with  the  potential  that  an  infrequent  rainstorm 
event  would  occur  on  a  lined  segment  before  any  waste  has  been  placed.  In  that  event,  a 
portion  of  the  rain  falling  directly  onto  the  liner  and  protective  system  would  flow  into  the 
leachate  collection  and  recovery  system  (LCRS)  for  a  period  of  hours  to  a  few  days.  This 
relatively  clean  water  would  be  mixed  with  a  small  portion  of  runoff  from  the  working  face 
of  the  first  layer,  which  could  potentially  contain  some  contaminants.  The  combined  liquids 
from  this  unusual  segment  startup  condition  would  be  highly  diluted  with  respect  to  leachate 
which  is  generated  by  passage  of  rainwater  through  a  substantial  thickness  of  trash  such  as 
occurs  at  landfills  in  wetter  climates. 

3 .  The  potential  for  leachate  to  occur  at  the  proposed  Mesquite  Regional  Landfill  would  decrease 
quickly  as  the  first  20-foot  layer  of  MSW  residue  and  related  daily  soil  cover  is  placed  above 
the  liner  system.  Appendix  G  of  this  Hydrogeologic  Assessment  Report  contains  the  results 
of  U.S.  EPA's  Hydrologic  Evaluation  of  the  Landfill  Performance  (HELP)  model  as  applied 
to  the  Mesquite  Regional  Landfill  site  conditions.  The  model  results  show  that  the  arid  site 
conditions  would  generally  cause  evaporation  to  exceed  infiltration  for  even  the  thin  daily  soil 
cover.  Even  minor  amounts  of  precipitation  which  could  occasionally  fall  directly  onto  a  small 
operating  disposal  face  would  not  result  in  downward  migration.  Instead,  the  moisture  would 
be  retained  in  the  top  several  inches  of  the  otherwise  dry  trash. 

4.  The  site's  "net  water  loss"  condition  is  confirmed  by  geotechnical  studies  conducted  by 
SHB  (1984),  and  recent  test  pits  excavated  by  Environmental  Solutions,  Inc.  shortly  after  the 
unusually  rainy  period  in  early  1993.  SHB  (1984)  showed  that  existing  subsurface  moisture 
is  lower  than  field  capacity.  Field  capacity  is  the  moisture  content  limit  of  a  medium  that  must 
be  exceeded  before  a  downward  migration  of  liquid  can  occur.  Hence,  the  desert  floor 
appears  to  be  experiencing  soil  pore  loss  of  water  as  opposed  to  infiltration.  The  test  pits 
excavated  by  Environmental  Solutions,  Inc.  in  February  1993  showed  surface  soil  exposed 
to  recent  heavy  rain  was  only  slightly  moist  at  about  8  inches  below  the  surface  of  the  desert 
floor,  and  appeared  to  be  completely  unaffected  by  the  recent  rains  at  a  depth  of  1 2  inches. 

5 .  The  potential  for  precipitation  to  generate  leachate  above  the  liner  system  would  decrease  as 
each  additional  10-foot  lift  of  MSW  residue  is  disposed.  For  example,  even  if  a  small  amount 
of  water  from  an  extreme  rainfall  event  infiltrated  through  the  daily  cover,  it  would  have  to 
wet  the  entire  volume  of  waste  between  the  surface  and  liner  to  the  material's  field  capacity  in 
order  for  downward  migration  to  reach  the  liner.  Prior  to  closure,  this  dry  trash  would  be  as 
much  as  400  feet  thick. 
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6 .  Finally,  when  the  landfill  is  closed,  it  will  be  covered  with  either  a  minimum  of  7  feet  of 
compacted  soil  at  slope  areas,  or  flexible  membrane  liner  (FML)  and  soil  combination  on  the 
flatter  top  areas.  The  infiltration  calculations  presented  in  Appendix  G  show  that  these 
provisions  will  essentially  eliminate  the  potential  for  any  infiltration  to  occur  in  even  the 
highest  lifts  of  MSW  residue.  Thus,  at  closure,  there  will  be  no  potential  for  leachate  to  be 
generated  that  can  reach  the  liner  system. 

7 .  In  summary,  the  following  list  indicates  the  small  potential  for  leachate  to  be  generated  at 
various  development  stages  at  the  proposed  Mesquite  Regional  Landfill: 

PERIOD  POTENTIAL  FOR  LEACHATE 

•  Approximate  3-  to  6-month  period  •     Relatively  clean  infiltration  water  will 
when  the  first  MSW  residue  lift  is  being  reach  the  LCRS  if  an  infrequent  desert 
placed  at  any  segment.  thunderstorm  occurs  on  portions  of 

liner  system  not  covered  by  waste. 

•  After  completion  of  first  20  feet  of  •     Very  small. 
MSW  residue  placement  at  any 

segment. 

•  From  the  first  20-foot  thickness  to  the  •     Essentially  zero, 
approximate  400-foot  total  landfill 

height. 

•  After  closure.  •     Essentially  zero. 


2.2  LANDFILL  GAS 

1 .  The  Air  Quality  Technical  Report  (Environmental  Solutions,  Inc.,  March  1993)  discusses  the 
rates  at  which  LFG  will  be  generated  as  a  whole.  This  generation  will  occur  in  spite  of  the  dry 
site  conditions  because  the  MSW  residue  (e.g.,  food  wastes)  contains  sufficient  moisture  to 
result  in  the  long-term  biodegradation  of  a  large  portion  of  the  organics  in  MSW  residue.  The 
Air  Quality  Technical  Report  also  discusses  how  the  LFG  generation  rate  for  the  entire  landfill 
will  gradually  rise  to  a  maximum  value  on  the  last  day  that  MSW  residue  is  landfilled  in  about 
2093  and  that  it  will  then  decline  to  a  small  value  over  an  approximate  30-year  period  as 
illustrated  in  Figure  H.2-1. 

2 .  The  rate  of  LFG  generation  from  the  bottom  landfill  lift  at  any  individual  segment,  where  the 
gas  has  the  potential  to  reach  the  liner,  will  be  much  less  and  will  occur  for  a  much  shorter 
time  than  for  the  landfill  as  a  whole.  For  comparison,  the  estimated  generation  rate  for  the 
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bottom  50  feet  of  the  first,  southwest  landfill  segment  is  also  shown  in  Figure  H.2-1.  The 
peak  LFG  generation  rate  would  occur  in  the  bottom  50  feet  about  15  months  after  initial 
disposal.  Afterwards,  the  generation  rate  for  that  specific  volume  would  decrease,  even 
though  the  LFG  generation  rate  for  the  overall  landfill  would  continue  to  increase.  The  rate 
would  decrease  to  10  percent  of  the  peak  rate  in  about  34  years  for  the  bottom  50  feet  of  any 
segment.  By  that  time,  the  gas  collection  system  within  that  portion  of  the  landfill  would 
potentially  have  more  than  ten  times  the  capacity  required  to  collect  LFG  from  the  nearby 
MSW  residue. 

3 .  LFG  consists  mostly  of  carbon  dioxide  and  methane  nearly  in  equal  amounts.  Neither  of 
these  two  main  components  represents  a  threat  to  ground  water  quality.  Carbon  dioxide  is 
nontoxic.  The  primary  threat  of  methane  is  its  potential  to  explode  if  it  collects  in  enclosed 
structures  in  concentrations  between  5  and  15  percent.  This  threat  would  not  occur  at  the 
Mesquite  Regional  Landfill  because  structures  would  not  be  located  near  the  landfilled  MSW 
residue.  The  constituents  of  concern  with  regard  to  ground  water  quality  are  the  trace  volatile 
organic  compounds  (VOCs)  which  migrate  along  with  LFG.  These  VOCs  could  dissolve  in 
ground  water  exposed  to  LFG.  For  MSW  residue,  these  constituent  concentrations  would  be 
low,  but  could  still  affect  ground  water  quality  because  of  the  length  of  time  of  potential 
exposure  if  the  LFG  were  not  appropriately  controlled. 

4.  Figures  H.2-2  illustrates  the  horizontal  well  system  which  would  be  installed  throughout  the 
landfill  to  collect  LFG  for  destruction  at  a  flare  station  or  for  processing  in  an  energy  recovery 
system.  The  functioning  of  this  system  as  a  control  element  to  prevent  the  potential  for 
ground  water  contamination  due  to  LFG  migration  into  the  subsurface  is  discussed  in 
Section  3.3.1. 


3.0  ESTIMATED  CONTROL  SYSTEM  PERFORMANCE 

3.1  GENERAL 

1 .     The  following  redundant  control  systems  (see  Figures  2.6  and  2.7,  and  Section  2.2  of  the 

Hydrogeological  Assessment  Report)  are  provided  in  the  first  segment  design  to  eliminate 

the  potential  for  ground  water  to  be  contaminated: 

•       Leachate  Related 

The  MSW  residue  is  compacted  and  covered  with  daily,  intermediate 
and  final  cover. 

A  triple  composite  liner  is  provided  to  minimize  the  potential  for 
leachate  to  enter  the  subsurface,  if  leachate  were  to  be  generated. 
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An  LCRS  system  is  provided  above  the  triple  composite  liner  to 
limit  leachate  hydrostatic  head  to  a  low  value  on  top  of  the  low 
permeability  liner  system.  Calculations  discussed  in  this  section  are 
based  on  a  maximum  head  of  1  foot  above  the  composite  liner.  In 
actuality,  the  head,  if  any,  is  likely  be  only  a  fraction  of  this  value. 
A  secondary  LCRS  and  FML  layer  is  provided  in  the  zones  with  the 
greatest  potential  for  leachate  to  occur.  This  layer  acts  as  a  vadose 
zone  monitor  to  evaluate  the  performance  of  the  main  LCRS  and 
triple  composite  liner,  as  well  as  a  redundant  leachate  control  system 
for  areas  where  higher  leachate  volumes  are  anticipated. 

•       LFG  Related 

A  series  of  horizontal  trenches  (Figure  H.2-2)  would  be  provided  in 
the  landfill  to  collect  LFG  and  maintain  a  vacuum  above  the  triple 
composite  liner  system. 

Backup  blower  systems  and  emergency  power  generation  would  be 
maintained  onsite  to  assure  that  the  LFG  collection  system,  especially 
the  bottom  portions  of  this  collection  system,  operates  continuously. 

The  triple  composite  liner  system  would  act  as  a  barrier  to  downward 
migration  in  the  event  a  vacuum  was  not  maintained  above. 

2 .     The  following  sections  describe  calculations  performed  to  evaluate  the  anticipated  performance 
of  each  ground  water  protection  system  component. 


3.2  LEACHATE  RELATED 

3.2.1  Compacted  MSW  Residue  and  Cover  Systems 

1 .     Section  2.0  discussed  the  site  conditions  and  low  precipitation  which  virtually  assure  that 
leachate  will  not  occur  after  the  first  few  lifts  of  MSW  residue  are  disposed  in  a  segment. 
Appendix  G  provides  results  of  HELP  model  analyses  which  confirm  that  evaporation  rates 
would  exceed  infiltration  rates  for  daily  and  intermediate  soil  cover,  and  for  MSW  residue 
itself.  The  potential  for  infiltration  to  occur  at  the  final  cover  is  much  less. 


3.2.2  LCRS 

1 .     Calculations  for  the  LCRS  capacity  are  provided  in  Appendix  H.2.  If  the  water  from  a  2-year 
thunderstorm  (0.39  inches  per  peak  hour)  were  to  reach  the  LCRS,  (assuming  no  water  is 
removed  prior  to  reaching  the  LCRS  through  runoff)  the  flow  along  a  width  of  1 ,500  feet  for 
a  segment  would  be  about  6  gallons  per  minute  (gpm).  The  depth  of  this  flow  through  10"1 
cm/sec  gravel  above  the  triple  composite  liner  sloped  at  1.3  percent  would  only  be  about  2.5 
inches  as  shown  in  Figure  H.3-1  without  consideration  for  the  perforated  pipes  within  the 
LCRS.  If  a  more  realistic  assumption  is  made  that  70  percent  of  this  rainfall  typically  would 
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be  removed  through  runoff,  then  the  infiltration  rate  through  the  operations  layer  would  be 
only  30  percent  of  the  rainfall,  and  the  flow  would  be  reduced  from  6  to  about  1.8  gpm, 
with  the  depth  of  flow  reduced  from  2.5  to  0.975  inch.  This  data  shows  that  the  1  foot  of 
head  assumed  above  the  triple  composite  liner  in  the  next  section  is  conservative. 


3.2.3  Triple  Composite  Liner  System  Performance 

1 .  The  triple  composite  liner  system  consists  of  an  FML  above  and  below  a  clay  layer  with  hydraulic 
conductivity  of  10-6  cm/sec,  and  has  several  advantages  over  the  more  frequently  used  double 
composite  liner  which  consists  of  an  FML  over  a  clay  layer.  One  long-term  performance 
advantage  of  a  triple  liner  is  suggested  by  the  work  of  Daniel  and  Wu  (1993),  who  discuss 
difficulties  with  clay  cracking  if  it  loses  its  moisture.  Because  the  subsurface  at  the  proposed 
site  is  naturally  dry,  it  could  remove  moisture  from  beneath  an  unprotected  clay  liner  over  time 
and  cause  cracking.  The  underlying  FML  will  prevent  this  drying  (desiccation). 

2 .  Additional  performance  advantages  of  the  triple  composite  liner  are  associated  with  its  ability 
to  restrict  leachate  or  LFG  migration  due  to  the  following  two  characteristics: 

•  For  significant  leakage  to  occur,  defects  in  all  three  components  must  be 
closely  aligned.  The  probability  of  these  defects  being  closely  aligned  is 
minute,  as  discussed  below. 

•  Even  if  defects  in  the  top  and  bottom  FMLs  were  to  be  nearly  aligned,  the 
seepage  rate  would  be  much  lower  than  that  which  could  occur  through 
either  a  single  liner  or  double  composite  system  because  of  the  low 
permeability  clay  layer  between  the  two  FMLs. 

These  advantages  are  quantified  in  the  following  paragraphs. 

3 .  Studies  prepared  for  the  U.S.  EPA  to  evaluate  FML  performance  (Giraud  and  Bonaparte, 
1989a  and  1989b)  suggest  that  for  design  purposes,  it  is  conservative  to  assume  that  there 
could  be  one  0.45-inch  diameter  defect  for  each  acre  of  any  synthetic  liner.  This  defect  could 
be  caused  by  material  failure,  incomplete  seam  welding,  or  damage  inflicted  during  liner 
installation.  Hutchison  and  Ellison  (1992)  discuss  that  the  0.45-inch  diameter  defect  per 
acre  estimate  should  be  conservative  for  sites  using  modern  quality  assurance/quality 
control  procedures  such  as  those  planned  for  the  Mesquite  Regional  Landfill.  Therefore, 
the  0.45-inch  defect  per  acre  assumption  is  used  for  design  of  Mesquite  Regional  Landfill 
ground  water  protection  systems. 
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4 .  For  direct  leakage  to  occur  through  the  triple  composite  liner  system,  the  clay  layer  would 
have  to  be  defective  at  the  same  location  as  both  FMLs.  Such  a  defect  is  not  likely  because 
clay  would  be  constructed  with  careful  control  of  composition  and  moisture  content,  and 
specifications  would  require  frequent  wetting  to  avoid  desiccation  cracking.  However,  to 
evaluate  this  possibility,  a  probabilistic  model  was  developed  to  determine  the  likelihood  of 
defects  being  aligned  in  both  FMLs  and  the  clay.  To  be  conservative,  it  was  assumed  that 
seepage  would  result  if  the  alignment  was  within  a  diameter  (Ds)  five  times  larger  than  the 
defect  (D  =  0.45  inches)  in  the  FML  as  illustrated  in  Part  A  of  Figure  H.3-2.  The 
probabilities  were  calculated  of  such  alignment  occurring  for:  (1)  any  single  acre;  and 

(2)  within  a  59-acre  segment  are  illustrated  in  Part  B  of  Figure  H.3-2.  Considering  a 
value  of  Ds  of  five  times  D,  or  2.2  inches,  the  probability  of  three  defects  being  aligned 
is  about  3  x  10"13  for  any  given  acre,  or  2  x  10~n  for  any  segment. 

5 .  For  comparison,  Figure  H.3-3  shows  the  probability  of  unusual  events  to  occur.  This  shows 
that  the  probability  of  three  liner  defects  being  aligned  is  less  than  the  potential  for  a  person  to 
be  killed  by  a  meteorite. 

6 .  A  second  performance  calculation  can  be  made  by  assuming  that  0.45-inch  diameter  defects 
in  the  two  FMLs  are  approximately  aligned  with  no  defects  or  anomalies  in  the  in  between 
clay  layer.  For  this  case  the  amount  of  leakage  leaving  the  bottom  FML  can  be  estimated  by 
determining  the: 

•  Amount  of  leakage  which  would  occur  through  the  defect  in  the  top  FML 
and  into  the  clay  layer. 

•  Portion  of  that  seepage  flow  which  would  occur  through  the  defect  in  the 
bottom  FML. 

The  flow  into  the  clay  is  estimated  using  tables  of  liner  leakage  provided  in  Chapter  7  of 
Mine  Waste  Management  (edited  by  Hutchison  and  Ellison,  1992).  Table  7.8  of  that 
reference  indicates  that  the  leakage  rate  due  to  a  1  foot  head  through  a  0.45-inch  diameter 
FML  defect  into  10~6  cm/sec  soil  would  be  about  1  gallon  per  acre  per  day  (gpad).  This 
would  amount  to  a  flow  rate  of  about  7  x  10-4  gpm. 

7.  The  gradual  flow  through  the  10~6  cm/sec  clay  layer  and  eventually  through  the  assumed 
defect  in  the  lower  FML  would  be  expected  to  reach  an  equilibrium  at  a  very  low  steady-state 
rate.  Assuming  that  the  two  defects  are  nearly  aligned,  the  steady-state  flow  would  be 
approximately  equal  to  the  flow  through  the  0.45-inch  diameter  cylinder  of  clay  (permeability 
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equals  10~6  cm/sec)  immediately  above  the  hole  in  the  bottom  liner.  Considering  the 
conservative  hydraulic  head  of  1  foot  in  the  LCRS,  this  condition  would  result  in  a  seepage 
of  less  than  10~7  gpm,  or  about  0.0001  gpd. 

As  a  final  calculation  of  performance,  use  of  the  equation  on  page  367  of  Mine  Waste 
Management  indicates  that  the  steady-state  flow  through  0.45-inch  diameter  defects  nearly 
aligned  with  1-foot  of  10"6  cm/sec  clay  between  would  require  more  than  1,000  and  10,000 
continuous  years  of  leakage  occurring  into  a  10-5  cm/sec  subsurface  material  to  reach  depths 
of  20  and  50  feet,  respectively,  below  the  liner  system.  Over  a  million  years  would  be 
required  to  reach  ground  water,  more  than  300  feet  below  the  first  landfill  segment. 

The  above  analyses  show  that  there  is  an  extremely  small  potential  that  any  leakage  could 
occur  through  the  triple  composite  liner  being  designed  for  the  Mesquite  Regional  Landfill. 
Also,  even  in  the  improbable  event  a  very  small  amount  of  leakage  occurred,  it  would  not 
migrate  a  significant  distance  during  the  entire  operating  life  of  any  segment,  or  the  entire 
landfill  for  that  matter. 


3.3    LFG  RELATED 

3.3.1  LFG  COLLECTION  SYSTEM 

1 .  A  set  of  horizontal  collectors  (see  Figure  H.2-2)  would  be  used  to  collect  the  majority  of 
the  generated  LFG.  The  normal  spacing  is  expected  to  be  250-foot  centers  horizontally  and 
50-foot  centers  vertically.  However,  the  bottom  row  would  be  located  just  20  feet  above  the 
liner  system  and  would  be  spaced  at  only  125-foot  centers.  This  arrangement  would  provide 
added  assurance  that  a  vacuum  condition  can  be  maintained  immediately  above  the  triple 
composite  liner  system,  so  that  there  are  no  pressure  conditions  which  would  "push"  the 
LFG  into  the  vadose  zone. 

2.  In  the  event  a  positive  pressure  were  to  occur  at  the  base  of  the  landfill  (e.g.,  during 
short-term  vacuum  system  shutdowns)  the  triple  composite  liner  would  function  the  gas 
control  in  a  manner  similar  to  that  discussed  above  for  leachate.  The  probability  of  any 
LFG  escaping  through  triple  composite  liner  would  be  extremely  small  because  of  the  low 
probability  that  defects  in  the  three  liner  components  could  be  aligned.  Even  if  alignment  were 
to  occur  at  the  same  location  for  the  top  and  bottom  FMLs,  the  rates  of  migration  would  be 
very  small  due  to  the  defect  size  and  restriction  caused  by  the  1  foot  of  nearly  saturated  clay. 
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3 .     As  demonstrated  for  the  leachate  condition  described  in  Section  3.2.3,  the  flow  of  LFG  at 
such  a  coincidental  alignment  would  not  be  expected  to  approach  the  depth  of  the  underlying 
vadose  zone  monitoring  system  within  any  reasonable  time,  in  comparison  with  the  20-  to 
30-year  period  that  the  MSW  residual  material  would  be  expected  to  generate  LFG  for  any 
specific  location  (see  Figure  H.2-1).  The  potential  for  migration  of  LFG  to  ground  water  is 
extremely  remote  even  if  the  vacuum  system  were  not  applied  for  a  long  period. 
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TABLE   H.l-1 

REDUNDANT  SYSTEMS  TO  PREVENT 

LEACHATE  AND  LFG  MIGRATION 
MESQUITE  REGIONAL  LANDFILL(1)(2) 


LEAK  PREVENTION 

•  Redundant  control  systems  for  the  management  and 
collection  of  leachate  and  LFG: 

Cover  systems 

•  Daily,  intermediate  and  final,  that  reduce  the 
infiltration  of  precipitation  into  the  MSW  residue. 

•  Final  cover  systems  which  prevent  long-term 
infiltration  of  precipitation. 

Leachate  collection  and  recovery  system  (LCRS). 
Horizontal  vacuum  well  LFG  collection  system 
throughout  the  landfill. 

•  Triple  composite  liner: 

60-mil  thick  high  density  polyethylene  (HDPE). 
1-foot  thick  clay  layer  with  hydraulic  conductivity 
of  lO-6  cm/sec. 
30-mil  thick  Very  Low  Density  Polyethylene  (VLDPE). 

LEAK  DETECTION  AND  MONITORING 

•  Leachate: 

Main  LCRS  above  triple  composite  liner. 

Second  vadose  zone  LCRS  system  below  triple  composite 

liner  at  locations  of  potential  maximum  flow. 

Vadose  zone  wells  beneath  liner  system. 

•  LFG: 

Pressure  probes  at  top  of  bottom  soil  operations  layer. 
Vadose  zone  wells  beneath  liner  system. 


PROCEDURES  AVAILABLE  TO  MITIGATE  DETECTED  LEAK 

•  Increase  vacuum  control  for  LFG 

•  Provide  thicker  intermediate  cover  layer  to  prevent 
infiltration  and/or  to  allow  for  increased  vacuum  control  of 

LFG  above  the  liner  system. 


91-296  (11/15/93/dh) 

(1)  Individual  components  and  materials  may  be  modified  from  time  to 
time  to  suit  technological  improvements  and  RWQCB  5-year  reviews 
of  system  performance. 

(2)  Ground  water  monitoring  wells  are  not  included  in  this  table,  which 
summarizes  redundant  procedures  to  be  provided  which  prevent 
contamination  from  reaching  ground  water. 
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Gravel  Hydraulic  Conductivity  =  10"'  cm/sec 

Liner  Slope  =  1.3  Percent 

Cross-Flow  Width  of  Segment  =  1,500  Feet 


FIGURE  H.3-1 
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Individual  annual  risk  of  death  due  to 
event  shown.  From  Technical  Report 
1612-2,  NTS  Engineering,  1986. 
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Subpart  D  —  Design  Criteria 
§258.40  Design  criteria. 

(a)  New  MSWLF  units  and  lateral  expansions  shall  be 
constructed: 

(1)  With  a  composite  liner,  as  defined  in  paragraph  (b)  of 
this  section  and  a  leachate  collection  system  that  is  designed 
and  constructed  to  maintain  less  than  a  30-cm  depth  of 
leachate  over  the  liner,  or 

(2)  In  accordance  with  an  alternative  design  approved  by 
the  concentration  values  listed  in  Table  1  will  not  be  excluded 
in  the  uppermost  aquifer  at  the  waste  management  unit 
boundary,  or  an  alternative  boundary,  as  specified  by  the 
Director  of  an  approved  State  under  paragraph  (d)  of  this 
section. 

(b)  "Composite  liner"  means  a  system  consisting  of  two 
components;  the  upper  component  must  consist  of  a  mini- 
mum 30-mil  flexible  membrane  liner  (FML),  the  lower  com- 
ponent must  consist  of  at  least  a  two-foot  layer  of  compacted 
soil  with  a  hydraulic  conductivity  of  no  more  than  1  x 
10-7cm/sec.  FML  components  consisting  of  High  Density 
Polyethylene  (HDPE)  shall  be  at  least  60-mil  thick.  The  FML 
component  must  be  installed  in  direct  and  uniform  contact 
with  the  compacted  soil  component  so  as  to  minimize  the 
migration  of  leachate  through  the  FML  should  a  break  occur. 

(c)  When  approving  a  design  that  complies  with  paragraph 
(aX2)  of  this  section,  the  Director  of  an  approved  State  shall 
consider  at  least  the  following  factors: 

(1)  The  hydrogeologic  characteristics  of  the  facility  and 
surrounding  land; 

(2)  The  climatic  factors  of  the  area,  and 

(3)  The  volume  and  physical  and  chemical  characteristics 
of  the  leachate. 
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-§  2543.     Leachate  Collection  and  Removal  Systems. 

(a)  Leachate  collection  and  removal  systems  arc  required  for  Class  I 
landfills,  surface  impoundments,  and  waste  piles;  for  Class  II  landfills 
and  surface  impoundments;  and  for  Class  HI  landfills  which  have  a  lincT 
or  accept  sewage  or  water  treatment  sludge.  The  systems  shall  be  in- 
stalled directly  above  underlying  containment  features  for  landfills  and 
waste  piles,  and  installed  between  the  liners  for  surface  impoundments. 
Leachate  collection  and  removal  systems  requirements  arc  summarized 
on  Table  4.1.  Class  EI  landfills  and  waste  piles  which  contain  only  dry 
wastes  (not  including  nonhazardous  solid  waste  and  decomposable 
waste)  may  be  allowed  to  operate  without  leachate  collection  and  remov- 
al systems  if  the  discharger  demonstrates,  based  on  climatic  and  hydro- 
geologic  conditions,  thai  leachate  will  not  be  formed  in,  or  migrate  from, 
the  unit. 

(b)  Where  leachate  collection  and  removal  systems  are  used,  they  shall 
be  installed  immediately  above  the  liner,  or  between  the  inner  and  outer 
lincTof  a  double— liner  system,  and  shall  be  designed,  constructed,  main- 
tained, and  operated  to  collect  and  remove  twice  the  maximum  antici- 
pated daily  volume  of  leachate  from  the  waste  management  unit. 

(c)  Regional  boards  shall  specify  design  and  operating  conditions  in 
waste  discharge  requirements  to  ensure  that  there  is  no  buildup  ol  hydrau- 
lic head  on  the  liner.  The  depth  of  fluid  in  the  collection  sump  shall  be  kept 
at  the  minimum  needed  to  ensure  efficient  pump  operation. 

(d)  Leachate  collection  and  removal  systems  shall  be  designed  and  op- 
erated to  function  without  clogging  through  the  scheduled  closure  of  the 
waste  management  unit  and  during  the  post-closure  maintenance  period. 
The  systems  shall  be  tested  at  least  annually  to  demonstrate  proper  opera- 
tion.  The  results  of  the  tests  shall  be  compared  with  earlier  tests  made  un- 
der comparable  conditions. 

(e.)-beaxrratc-oo{Jectjon  and  removal  system  shall  consist  of  a  perme- 
able subdrain  layefr  which  covers  the  bottom  of  the  waste  management 
unhand  extends  as  farup  the  sides  as  possible,  (i.e.,  blanket-type)  except 
as  provided  in  subsection  (f)  ol  this  secuon.  Ihe  collection  and  removaJ 
system  shall  be  of  sufficient  strength  and  thiclcness  to  prevent  collapse 
tinder  the  pressures  exerted  by  overlying  wastes,  waste  cover  materials, 
and  by  any  equipment  used  at  the  waste  management  units. 

(0  Lf  a  Class  EQ  landfill  is  required  to  have  an  artificial  liner  and  re- 
ceives only  permeable  waste  that  allows  free  drainage  of  percolating 
fluid,  a  dendritic  leachate  collection  and  removal  system  which  underlies 
less  than  100  percent  of  the  waste  may  be  allowed.  Only  wastes  which 
have  a  permeability  which  approximates  that  of  subdrain  material  and 
will  remain  permeable  throughout  the  active  life  and  post-closure  main- 
tenance period  of  the  landfill  may  be  placed  adjacent  to  the  liner  in  this 
type  of  system.  The  liner  shall  be  sloped  towards  the  subdrain(s)  to  pre- 
vent ponding. 

(g)  Collected  leachate  shall  be  system  returned  to  the  waste  manage- 
ment unit(s)  from  which  it  came  or  discharged  in  another  manner  ap- 
proved by  he  regional  board  Collected  leachate  may  be  discharged  to  a 
different  waste  management  unit  if: 

( 1 )  the  receiving  waste  management  unit  has  a  leachate  collection  and 
removal  system,  contains  wastes  which  are  similar  in  classification  and 
characteristics  to  those  in  the  waste  management  unit(s)  from  which  lea- 
chate was  extracted,  and  has  at  least  the  same  classification  under  Article 
3  of  this  subchapter  as  the  units  from  which  leachate  was  extracted;  and 

(2)  the  discharge  to  a  different  waste  management  unit  is  approved  by 
the  regional  board,  and 

(3)  the  discharge  of  leachate  to  a  different  waste  management  unit  shall 

not  exceed  the  moisture-holding  capacity  of  the  receiving  unit,  and  shall 

comply  with  Subsection  2520(d)  of  this  subchapter. 

Note.  Aulhormciied  S«ruon  1058.  Wiirr  Code.  Reference  Sections  13172and 
13360.  WaieT  Code. 
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PERFORMANCE  CURVE  FOR  12"  PIPE 

PROGRAM  INPUT  DATA: 

DESCRIPTION  VALUE 

Culvert  Diameter  ( feet ) 1.00 

FHWA  Chart  Number  ( 1 ,  2  or  3  ) 1 

Scale  Number  on  Chart  (Type  of  Culvert  Entrance) 1 

Manning's  Roughness  Coefficient  (n-value) 0.0100 

Entrance  Loss  Coefficient  of  Culvert  Opening 0.20 

Culvert  Length  ( feet ) 1700.0 

Culvert  Slope  ( feet  per  foot ) 0  .  0100 


PROGRAM  RESULTS: 

Flow  Tailwater 
Rate      Depth 
(cfs)       (ft) 


Headwater  (ft)  Normal  Critical 
Inlet  Outlet  Depth  Depth 
Control  Control    (ft)      (ft) 


Depth  at    Outlet 

Outlet  Velocity 

(ft)     (fps) 


2.3 
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1.02 

-11.85 

0.50 

0.65 

0.50 

5.90 

3  .6 

0  .00 

1.50 

-5.61 

0.66 

0  .81 

0.66 

6.53 

4  .  5> 

0.00 

2.00 

0.81 

0.80 

0.89 

0.80 

6.73 

4rf 

0.00 

2  .10 

2  .10 

0.83 

0.90 

0.90 

6.33 

4.8 

0.00 

2.18 

3  .04 

0.87 

0.91 

0.91 

6.45 

4.9 

0.00 

2  .25 

4  .01 

0.92 

0.91 

0.91 

6.58 

5.1 

0.00 

2  .33 

4.99 

1  .00 

0.92 

0.92 

6.71 

5.2 

0.00 

2  .41 

6.00 

1  .00 

0.93 

0.93 

6.84 

5.3 

0.00 

2  .49 

7  .04 

1.00 

0.93 

0.93 

6.97 

5.4 

0.00 

2  .57 

8.00 

1  .00 

0.94 

0.94 

7.09 

5.6 

0.00 

2  .72 

10  .00 

1.00 

0  .94 

0.94 

7.34 

5.8 

0.00 

2.80 

11  .03 

1  .00 

0.95 

0.95 

7  .47 

5.8 

0.00 

2  .88 

11.98 

1.00 

0.95 

0.95 

7.59 

PIPE  CULVERT  ANALYSIS  COMPUTER  PROGRAM  Version  1.7 
Dodson  &  Associates,  Inc.,  5629  FM  1960  W.,  #314, 
(713)  440-3787.  All  Rights  Reserved. 


Copyright  (c)1986 
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GW-1  PUMPING  TEST  RESULTS 


APPENDIX  I 

PUMPING  TEST 
MONITORING  WELL  GW-1 


1.0     INTRODUCTION 

1 .     A  constant  rate  pumping  test  was  performed  on  the  Monitoring  Well  GW-1  to  better  define  the 
hydraulic  parameters  of  the  Bear  Canyon  Conglomerate.  The  monitoring  well  is  screened 
within  the  conglomerate  through  an  area  suspected  of  containing  fractures. 


2.0     BACKGROUND 

1 .  Monitoring  Well  GW-1  is  located  south  of  the  planned  layout  of  the  Mesquite  Regional  Landfill 
within  a  thick  sequence  of  Bear  Canyon  Conglomerate.  The  conglomerate  is  poorly  stratified, 
dense,  well  consolidated  sandstone,  conglomerate  and  breccia  which  is  variably  cemented  with 
calcium  carbonate  and/or  clayey  matrix.  The  rock  core  for  a  nearby  continuously  cored  borehole 
(ESI-1)  was  logged  with  approximately  50  percent  of  the  core  having  a  silty  or  clayey  matrix. 
Packer  tests  in  other  borings  indicate  low  permeability  (i.e.,  106  to  107  cm/sec). 

2.  Monitoring  Well  GW-1  was  originally  installed  in  1988  as  part  of  the  Mesquite  Mine  heap 
leach  pad  monitoring  well  network.  The  well  is  screened  from  -317  to  -416  feet  below  top 
of  casing  with  a  total  of  101  feet  of  screen. 


3.0     PUMPING  TEST 

1 .  The  pumping  test  of  Monitoring  Well  GW-1  was  performed  by  Environmental  Solutions,  Inc. 
in  December  1992.  A  low  yield  was  expected,  and  the  test  was  performed  as  a  single  well 
pumping  test  with  no  other  wells  monitored. 

2.  Pumping  test  parameters  are  summarized  as  follows: 

Constant  discharge  flow  rate  =  6.25  gpm 
Pumping  test  duration  =  805  min 
Recovery  test  duration  =  35  min 
Measured  maximum  drawdown  =  12.55  feet 
Maximum  depth  to  water  =  330.15  feet 
Assumed  saturated  thickness  =  100  feet 
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3 .     The  flow  rate  was  monitored  throughout  the  test  by  measuring  the  volume  of  discharge  into  a 
calibrated  container  over  a  measured  period  of  time.  Water  depth  was  measured  manually 
with  an  electric  well  sounder.  The  pump  used  for  the  test  was  a  Grundfos  SP18-2  electric 
submersible  pump  installed  at  a  depth  of  400  feet  below  the  static  water  surface. 


4.0     PUMPING  TEST  DATA  ANALYSIS 

1 .  The  pumping  of  Monitoring  Well  GW-1  provided  a  single  well  pumping  test.  Measurement 
of  drawdown  provided  data  for  determining  transmissivity,  but  the  recovery  data  period  did 
not  continue  long  enough  to  provide  a  well-defined  recovery  curve. 

2.  The  analysis  of  Monitoring  Well  GW- 1  data  was  performed  using  the  Cooper- Jacob  straight 
line  approximation  method  The  drawdown  was  plotted  as  drawdown  versus  log  time 
(Figure  1-1)  and  the  slope  of  straight  line  segments  of  the  graph  are  determined  over  one  log 
cycle. 

3 .  Transmissivity  was  determined  using  the  formula 

_264Q_  (1) 

1  ~A  (S-S') 

where     T  =  transmissivity  (gpd/ft) 

Q  =  flow  rate  (gpm) 

A  (S-S')  =  slope  of  straight  line  segments  over  one  log  cycle  on  the 
drawdown  versus  log  time  graph 

4.  Permeabilities  were  determined  from  the  relation: 

T  =  Kb 

T  =  transmissivity  (gpd/ft) 

K  =  permeability  (gpd/ft2) 

b  =  formation  saturated  thickness  (feet) 


"'   Reference  to  Cooper-Jacobs  Straight  Line  Approximation  Formula,  Ground  Water  and  Wells,  Johnson  Div. 
U.O.P.,  page  143,  1975. 
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5 .     The  calculated  hydraulic  parameters  are  summarized  as  follows: 


COOPER-JACOBS 

STRAIGHT  LINE 

APPROXIMATION 

SLOPE 
AS 

TRANSMISSIVITY 

HYDRAULIC 

CONDUCnVITY 

(Permeability) 

Initial  Segment 

3.8  ft. 

=     434  gpd/ft 
=     58  ft2/day 
=     0.0403  ft2/min 

=     0.58  ft/day 

=     2.1  x  10"4  cm/sec 

Secondary  Segment 

12.4  ft. 

=     133  gpd/ft 
=      17.8ft2/day 

=     0.18  ft/day 

=     6.3  x  10"5  cm/sec 

6.     The  recovery  data  does  not  extend  for  a  long  enough  time  to  define  a  recovery  curve  analysis, 
but  the  response  over  the  period  available  appears  to  be  similar  to  the  drawdown  curve. 


7.     Well  bore  storage  may  be  neglected  for  a  single  well  test  condition  in  leaky  aquifers  when: 

25r^ 


t  > 


where     t 


KD 


KD 


(2) 


=  elapsed  time  of  test  (minutes) 

=  radius  of  4-inch  diameter  casing  (feet) 

=  0.167  feet 

=  transmissivity 

=  permeability  x  saturated  thickness  (ft2/min) 

=  0.0403  (ft2/min)  for  the  initial  segment 


Well  bore  storage  may  be  neglected  for  time  greater  than 

25  (0.167  ft)2 


t  =• 


0.0403 


=  0.7  minutes 


The  minimum  time  analysis  indicates  that  both  straight  line  segments  of  the  drawdown  versus 
log  time  graph  may  be  used  for  evaluation  of  formation  hydraulic  parameters.  The  indicated 
formation  parameters  are  interpreted  to  indicate  primary  fracture  conditions  (for  the  initial 
segment)  and  either  secondary  fracture,  or  fracture  and  conglomerate  matrix  conditions  for  the 
secondary  segment. 


(2)   Kruseman,  G.P.,  and  deRidder,  N.A.,  Analysis  and  Evaluation  of  Pumping  Test  Data,  Second  Edition, 
Publication  47  International  Institute  for  Land  Reclamation,  The  Netherlands.  1991,  Page  223. 
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1.0     INTRODUCTION  AND  SUMMARY 

1 .  This  report  discusses  the  activities  and  results  of  a  faulting  and  seismicity  investigation 
conducted  to  determine  potential  seismic-related  hazards  for  the  proposed  Class  III  Mesquite 
Regional  Landfill  in  Imperial  County,  California  (Figure  1.1).  The  primary  purposes  of  this 
investigation  were  to: 

•  Evaluate  the  possibility  for  Holocene  faulting  (those  which  have  had 
displacement  within  the  past  10,000  years)  within  or  adjacent  to  the  site; 
or,  if  necessary,  provide  direction  for  performing  additional  investigations 
to  more  fully  evaluate  this  issue. 

•  Analyze  anticipated  site-specific  peak  ground  accelerations  due  to  area 
seismicity  for  use  in  designing  the  landfill. 

2 .  Determination  of  the  potential  for  active  (Holocene)  faulting  to  occur  at  the  site  is  necessary 
because  California  Code  of  Regulations  (CCR)  Title  23,  Chapter  15,  Article  3  prohibits  the 
siting  of  a  Class  III  landfill  above  a  Holocene  fault.  Recently  enacted  Subtitle  D  regulations 
of  the  federal  Resource  Conservation  Recovery  Act  (RCRA)  prohibit  the  siting  of  a  Class  III 
landfill  within  200  feet  of  a  Holocene  fault. 

3 .  The  peak  ground  acceleration  is  an  important  design  parameter  for  assuring  that  the  landfill 
slopes  and  cover  would  remain  stable  under  a  reasonable  earthquake  condition.  CCR  Title  23 
requires  that  Class  III  landfills  be  designed  to  withstand  accelerations  due  to  the  Maximum 
Probable  Earthquake  (MPE),  which  is  defined  as  the  event  with  the  potential  to  occur  once  in 
100  years.  The  Mesquite  Regional  Landfill  would  be  designed  for  a  larger  earthquake  than 
the  MPE  because  of  the  landfill's  long  (85-to  100-year)  proposed  operating  life. 

4 .  The  basic  results  of  the  investigation  are  that: 

•  Published  information,  onsite  investigations  and  observations,  and 
extensively  exposed  site  desert  soils  show  that  Holocene  faults  do  not 
occur  on  or  near  the  site. 

•  The  anticipated  peak  ground  acceleration  for  the  MPE  is  projected  to  be 
approximately  0. 17  g  (g  =  the  acceleration  due  to  gravity).  This 
acceleration  value  is  not  large  compared  to  many  areas  of  California, 
primarily  because  the  closest  active  fault  is  about  nine  miles  away. 

5 .  This  peak  ground  acceleration  analysis  result  is  generally  confirmed  by  a  recent  report  titled 
Peak  Acceleration  from  Maximum  Credible  Earthquakes  in  California,  published  by  the 
California  Department  of  Conservation,  Division  of  Mines  and  Geology  (Maulchin  and  Jones, 
1992).  This  California  Division  of  Mines  and  Geology  (CDMG)  report  was  prepared 
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specifically  for  Caltrans  in  determining  appropriate  seismic  accelerations  to  be  used  for 
designing  highways,  bridges,  etc.  It  is  not  considered  to  be  a  replacement  for  existing  state 
fault  maps  but  it  does  provide  valuable  information  concerning  seismic  conditions  in  Imperial 
County.  Figure  1.2  shows  the  site  location  with  respect  to  a  map  from  the  CDMG  report 
which  shows  peak  accelerations  for  the  Maximum  Credible  Earthquake  (MCE)  for  various 
distances  from  the  regional  faults  considered  in  that  study.  The  MCE  is  defined  as  the 
maximum  earthquake  which  could  potentially  occur  in  the  area  based  on  the  knowledge  of  the 
tectonic  framework,  and  is  larger  than  the  MPE.  As  shown  in  Figure  1.2,  peak  ground 
acceleration  at  the  site  of  the  proposed  landfill  due  to  the  MCE  is  estimated  by  the  CDMG 
report  to  be  slightly  less  than  0.2g. 

6 .  Activities  and  results  of  the  faulting  and  seismicity  investigations  conducted  for  the  proposed 
Mesquite  Regional  Landfill  are  discussed  in  the  following  chapters: 

•  Chapter  2.0  -  Geologic  and  Tectonic  Setting 

•  Chapter  3.0  -  Site  Geologic  Conditions 

•  Chapter  4.0  -  Site  Investigations  and  Results 

•  Chapter  5.0  -  Regional  Faulting 

•  Chapter  6.0  -  Seismicity 

7.  References  are  listed  in  Chapter  7.0.  Key  references  are  provided  in  the  following 
appendices: 

•  Appendix  A  -  Soil-Geomorphic  Age  Assessments  of  Piedmont  Alluvial 
Fans,  Mesquite  Regional  Landfill  Site,  Imperial  County,  California 
(Shlemon,  1993);  and  Quaternary  Soil  -  Geomorphic  Relationships, 
Southeastern  Mojave  Desert,  California  and  Arizona  (Shlemon,  1980). 

•  Appendix  B  -  Correlation  and  Age  of  Quaternary  Alluvial  Fan  Sequences 
Basin  and  Range  Province,  Southwestern  United  States  (Christenson  and 
Purcell,  1985). 

•  Appendix  C  -  Mesquite  Mining  District,  Southeastern  California, 
SEG  Field  Trip  (Tosdal,  et  al.,  October  1991). 

•  Appendix  D  -  Letter  to  Environmental  Solutions,  Inc.  Response  to 
Questions  -Draft  Report  -  Faulting  and  Seismicity  in  the  Vicinity  of  the 
Mesquite  Regional  Landfill,  1992. 

8 .  Appendix  E  provides  field  data  discussed  in  Chapter  4.0. 
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2.0    GEOLOGIC  AND  TECTONIC  SETTING 

1 .  The  project  site  is  located  on  the  western  flank  of  the  Chocolate  Mountains  near  the  boundary 
between  the  Colorado  Desert  and  Mojave  Desert  Physiographic  Provinces  of  California 
(Figure  2. 1).  The  Chocolate  Mountains,  located  north  and  east  of  the  site  are  part  of  the 
Mojave  Desert  Province.  The  Imperial  Valley,  located  west  of  the  site,  is  part  of  the 
Colorado  Desert  Province.  The  structural  feature  forming  the  Imperial  Valley  is  the 

Salton  Trough,  which  developed  as  a  result  of  crustal  spreading  between  the  North  American 
and  Pacific  Tectonic  Plates  along  the  San  Andreas  Fault  System.  Seismicity  associated  with 
crustal  spreading  continues  to  occur  today,  primarily  associated  with  active  fault  systems 
located  26  or  more  miles  west  of  the  site. 

2.  The  trough  represents  a  northward  extension  of  rifting  that,  from  Pliocene  time  (2  to 

5  million  years  ago)  to  present,  has  separated  Baja  California  from  the  mainland  of  Mexico 
along  what  is  now  the  Gulf  of  California.  Spreading  progressed  northward  into  the 
Salton  Trough  from  the  Gulf  resulting  in  the  widening  and  elongation  of  Imperial  Valley. 
Large  horizontal  displacements  (transverse  faulting)  along  the  San  Andreas  Fault  System, 
now  oblique  to  the  Gulf  Trend,  formed  the  eastern  boundary  of  the  Salton  Trough.  As  the 
Gulf  and  Salton  Trough  continued  to  open,  a  thick  sequence  of  sediments  were  deposited 
which  initiated  subsidence  along  block  faults  at  the  flanks  of  Imperial  Valley. 

3 .  The  Salton  Trough  is  significant  because  it  represents  an  active  divergent  plate  boundary  with 
a  transform-pull-apart  system.  Blocks  of  terrain  have  moved  upward,  downward  and  nearly 
horizontally.  The  trough  forms  a  prominent  depression  between  the  Peninsular  Ranges  on  the 
west  and  the  ranges  of  the  Mojave  Desert  on  the  east.  The  mountains  have  provided  a  source 
for  sediments  to  accumulate  in  the  sunken  crustal  block  of  the  Salton  Trough.  The  sediments 
have  attained  a  thickness  of  over  30,000  feet  in  the  center  of  the  trough.  The  geologic 
processes  include  extension  and  horizontal  and  oblique  slip,  accompanied  by  volcanism  and 
high  heat  flow  and  metamorphism  in  the  crust  and  overlying  sediments.  The  major  active 
northwest  trending  San  Andreas,  San  Jacinto  and  Elsinore  Faults  project  through  the  greater 
Salton  Trough  rift  zone.  These  and  several  other  associated  faults  within  the  region  have 
historically  ruptured  the  ground  surface  and/or  caused  substantial  earthquakes  indicating 
rifting  is  actively  taking  place. 

4.  The  Mojave  Desert,  eastward  of  the  project  site,  consists  of  northwest  trending  rugged 
mountain  ranges  separated  by  broad  low  relief  alluvial-filled  basins,  or  aggraded  plains. 
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The  fault  controlled  mountain  ranges  and  intervening  basins  are  similar  to  those  observed  in 
the  Basin  and  Range  Province  of  Nevada  and  east-central  and  southern  California  but  are  not 
as  extensive.  The  Chocolate  Mountains  are  characterized  by  sharp  relief  and  are  included  in 
a  series  of  discontinuous  northwest  aligned  ranges  inclusive  of  the  Orocopia  and  Cargo 
Muchacho  Mountains,  all  of  which  lie  adjacent  and  to  the  east  of  the  Salton  Trough. 

5 .  Jennings  (1975  and  1992)  infers  a  rather  continuous,  northwest  trending  and  parallel  system 
of  faults  within  the  ranges.  Studies  by  Murry,  et  al.,  (1980),  have  shown  that  the  faults 
within  the  ranges  are  not  genetically  nor  temporally  related  to  the  San  Andreas  Fault  System. 
The  faults  mapped  are  short,  discontinuous  and  do  not  display  lateral  slip  or  large  amounts 
of  displacement. 

6.  The  Chocolate  Mountains  (Figure  2.2)  are  composed  of  a  wide  variety  of  rock  types  and  ages 
inclusive  of: 

•  Precambrian  (greater  than  570  million  years  old)  and  Mesozoic 

(65  to  225  million  years  old)  metamorphic  and  igneous  intrusive  rocks. 

•  Tertiary  (2  to  65  million  years)  volcanic  rocks  and  nonmarine 
conglomerates. 

•  Quaternary  (less  than  2  million  year  old)  alluvium. 

Structurally,  the  Chocolate  Mountain  range  consists  of  a  broad  antiform  which  trends  to 
the  northwest. 

7 .  Flanking  the  western  side  of  the  Chocolate  Mountains  is  a  broad  low  relief  piedmont  surface 
that  gently  slopes  from  the  foot  of  the  range  toward  the  floor  of  the  Salton  Trough.  Within  the 
site  region,  a  thin  mantle  of  alluvial  outwash  debris  overlies  bedrock  composed  of  nonmarine 
upper  Miocene  (5  to  1 1  million  years  old)  to  lower  Pliocene  (3  to  5  million  years  old)  Bear 
Canyon  Conglomerate  (Dillon,  1975;  Morton,  1977)  and  basement  rock  composed  of  older 
metamorphic  rocks.  The  buried  bedrock  and  basement  rock  surface,  or  pediment,  was  eroded 
and  plainated  as  the  mountain  front  receded.  Prior  to  the  erosion  of  this  pediment,  Bear 
Canyon  Conglomerate  was  deposited  adjacent  to  the  mountain  front.  The  Bear  Canyon 
Conglomerate  rock  unit  consists  primarily  of  sandstone,  conglomerate,  breccia  and  siltstone, 
with  some  interlayered  basalt  flows. 

8 .  Preceding  and  accompanying  deposition  of  the  Bear  Canyon  Conglomerate,  faulting  occurred, 
breaking  the  terrain  up  into  discrete  fault  blocks  with  distinct  rock  types  (Tosdal,  et  al.,  1991). 
Two  sets  of  faults  have  been  identified  within  the  open  pits  of  the  Mesquite  Mining  District. 
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An  older  set  strikes  to  the  northwest  and  is  contemporaneous  with  the  Oligocene  age  (22.5  to 
37.5  million  years  old)  mineralization  of  the  Mesquite  ore  bodies.  A  younger  fault  set  strikes 
to  the  northeast  and  displays  left  lateral  oblique  slip  faulting  which  resulted  in  the  displacement 
the  Bear  Canyon  Conglomerate,  and  possibly  early  Pleistocene  age  (1  to  2  million  year  old) 
alluvium.  Eroded  fault  block  remnants  (inselburgs)  such  as  Brownie  Hill  and  Chocolate  Drop 
still  protrude  above  the  piedmont  surface  in  the  greater  site  region. 
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3.0    SITE  GEOLOGIC  CONDITIONS 

The  proposed  landfill  site  is  situated  on  an  alluviated  pediment  surface,  about  two  miles 
southwest  of  the  Chocolate  Mountains  front  and  about  six  miles  from  the  Algodones  Dunes  at 
the  base  of  the  piedmont  slope.  The  site  lies  between  elevations  of  560  and  730  feet  above  sea 
level.  The  ground  surface  has  little  relief  except  for  the  general  grade  down  to  the  southwest 
at  about  80  feet  per  mile.  Numerous  old  and  active  braided  stream  courses  converge  and 
diverge  over  the  surface  with  a  very  conspicuous  drainage  pattern  associated  with  alluvial  fans 
and  outwash  plains.  The  active  younger  drainages  are  incised  into  older  alluviated  perched 
surfaces.  Surface  flows  are  intermittent,  occurring  only  after  periods  of  heavy  runoff.  Small 
flows  infiltrate  into  the  shallow  loose  soil  in  the  channel  bottoms  and/or  evaporate.  Infrequent 
larger  flows  terminate  at  the  Algodones  Sand  Hills  which  form  a  natural  topographic 
constraint  between  the  site  area  and  the  floor  of  the  valley. 

Three  ages  of  alluvial  deposition  are  recognized  on  the  project  site  as  shown  in  Plate  I. 
The  youngest  unit  is  of  Holocene  age  (less  than  10,000  years  old)  and  is  constrained  to  the 
active  channel  floors.  It  consists  of  unconsolidated  sands  and  gravels  with  a  generally  low 
silt  fraction.  The  intermediate  alluvial  unit  is  represented  by  a  sequence  of  perched  alluvial 
fan  surfaces  that  lie  up  to  4  feet  above  the  active  channels.  The  intermediate  alluvium  is 
slightly  coarser  grained  than  the  younger  recent  alluvium,  being  composed  of  poorly 
consolidated  sand,  gravel  and  silt  that  has  undergone  slight  weathering.  A  moderately- 
developed  desert  pavement  and  desert  varnish  have  formed  on  the  detritus.  The  weathered 
surface  of  the  intermediate  alluvium  ranges  between  late  Pleistocene  and  early  Holocene  age 
(8,000  to  17,000  years  old)  (Shlemon,  1993).  The  third  alluvial  unit,  the  old  alluvium,  is 
represented  by  the  highest  alluvial  fan  surfaces,  which  are  perched  up  to  8  or  more  feet  above 
the  intermediate  age  alluvial  surfaces.  This  old  alluvium  unit  is  very  conspicuous  and 
widespread  with  a  distinct  yellowish  red  (5YR  5/8,  5/6)  color.  The  old  alluvium  consists  of 
poorly  consolidated  sands  and  gravels  that  are  slightly  indurated  and  weathered.  The  old 
alluvium  surface  displays  a  very  continuous  and  well-developed  desert  varnish  and  desert 
pavement  (patina),  and  well-developed  desert  soil  horizons.  The  old  alluvium  surface  is  of 
late  Pleistocene  age  (35,000  to  40,000  years  old)  (Shlemon,  1980  and  1993,  and  Christenson 
and  Purcell,  1985),  having  undergone  at  least  one  pluvial  cycle.  Beneath  the  surface  soil  the 
old  alluvium  is  estimated  to  be  60,000  to  70,000  years  of  age  (Oxygen-Isotope  Stage  3). 
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3 .  All  three  alluvial  units  were  deposited  as  fanglomerates  derived  locally  from  the  Chocolate 
Mountains.  The  maximum  alluvial  thickness  overlying  the  bedrock  and  basement  rock 
pediment  is  judged  to  be  about  20  feet,  though  it  varies  due  to  an  uneven  buried  bedrock 
surface.  Lacustrine  (lake)  deposits  associated  with  the  recent  Salton  Sea,  or  ancient  Lake 
Cahuilla  that  previously  occupied  the  Imperial  Valley  Floor,  inclusive  of  the  old  shorelines, 
lie  far  to  the  west  of  the  site  area  and  below  an  elevation  of  100  feet. 

4.  Below  the  alluvium  is  a  bedrock  unit  known  as  the  Bear  Canyon  Conglomerate.  This  unit  is 
exposed  in  three  isolated  outcrops  (Plate  I)  in  the  north-central  portion  of  the  project  site  as  well 
as  in  the  mine  pits  to  the  north.    Section  views  of  this  unit  are  shown  in  Figures  3. 1  and  3.2. 
The  Miocene-Pliocene  age  Bear  Canyon  Conglomerate  consists  primarily  of  massive  beds  of 
conglomerate,  breccia,  sandstone  and  siltstone.  Clasts  within  the  formation  consist  of  granitic 
and  gneissic  rocks  with  a  subordinate  constituent  of  volcanics.  Interlayered  with  the 
nonmarine  sediments  are  vesicular  olivine  basaltic  lava  flows  that  are  distinctly  dark  gray, 
very  hard  and  range  up  to  about  10  feet  thick.  Weathering  is  slight  and  the  beds  are  slightly 

to  moderately  well-cemented  with  calcium  carbonate  and/or  a  clayey  matrix.  Formational 
thickness  is  judged  to  be  at  least  1,000  feet.  Exposure  in  the  Vista  Mine  Pit  to  the  northeast 
of  the  proposed  landfill  site  indicates  that  in  the  site  area,  the  lower  100  (plus)  feet  consists 
of  bedded  lacustrine  claystone. 

5 .  Both  Brownie  Hill  and  Chocolate  Drop  to  the  north  and  northwest  of  the  proposed  landfill  site, 
respectively,  are  composed  of  the  Bear  Canyon  Conglomerate  (Plate  I).  These  hills  are  mantled 
with  a  thick  accumulation  of  hard  basalt  clasts  that  provide  an  erosion-resistant  armor. 
Derivation  of  the  formation  is  not  known  but  it  most  likely  was  deposited  from  local  sources  in 
the  Chocolate  Mountains.  The  formation  has  been  structurally  deformed  by  faulting  along 
northeast  trending  faults.  These  northeast  trending  faults  have  been  documented  in  the  mine  pits 
to  the  north,  and  are  further  discussed  in  Chapter  4.0.  Dip  angles  measured  from  recovered 
core  from  borings  drilled  on  the  proposed  landfill  property  range  between  10  and  30  degrees 
with  dip  directions  toward  the  west  to  southwest.  Over  most  of  the  proposed  landfill  site,  the 
Bear  Canyon  Conglomerate  underlies  the  surface  at  depths  of  about  20  feet  or  less. 

6 .  The  alluvial  units  and  the  Bear  Canyon  Conglomerate  are  underlain  by  pre-Tertiary  age 
(greater  than  65  million  years  old)  basement  rocks  which  consist  generally  of  biotite  and 
hornblende  gneisses,  muscovite  schist  and  pegmatite  dikes.  Foliation  in  the  rocks  is  well 
developed  and  normally  strikes  to  the  northwest  and  dips  east  at  high  to  moderate  angles. 
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Where  exposed  at  the  ground  surface,  the  basement  rock  is  very  fractured  and  moderately 
weathered,  though  hard  and  sound.  In  the  site  area,  the  depth  to  basement  rock  varies  from 
zero  at  outcrops  to  at  least  1,000  feet  based  on  drill  hole  data. 

7 .  Small  isolated  outcrops  of  metamorphic  gneiss  basement  rock  are  exposed  in  the  western 
portion  of  the  site  (Plate  I).  Two  other  similar  outcrops  lie  to  the  southwest  of  the  site  and 
collectively  indicate  a  basement  high  which  matches  a  gravity  high  anomaly  measured  in  the 
site  vicinity  as  further  discussed  in  Chapter  4.0.  The  depth  to  basement  rock  as  interpreted 
from  lithologic  logs  of  exploration  borings  is  shown  on  Plate  II. 

8 .  South  of  the  proposed  landfill  site,  near  the  Mesquite  Mine  water  production  well  field,  the 
shallow  bedrock  and  basement  rock  pediment  surface  terminates,  and  Quaternary  alluvial 
deposits  thicken  rapidly  (Figure  3.1).  Water  production  wells  for  the  Mesquite  Mine  are 
located  approximately  three  miles  south  of  the  proposed  landfill  footprint.  These  wells  were 
drilled  in  alluvium  to  depths  of  about  820  to  940  feet.  Basement  rock  or  bedrock  was  not 
encountered. 
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4.0     SITE  INVESTIGATIONS  AND  RESULTS 

4.1     BACKGROUND  AND  SCOPE 

1 .     Exploration,  facility  development,  and  mining  at  the  adjacent  Mesquite  Gold  Mine  has 

included  extensive  data  collection  and  geologic-related  investigations  resulting  in  a  thorough 
understanding  of  the  proposed  landfill  project  area.  Additionally,  considerable  data  and 
studies  are  available  for  the  overall  project  region  because  of  scientific  and  economic  interests 
in  the  Imperial  Valley  (e.g.,  plate  boundary  mechanisms,  geothermal  and  mineral 
development,  etc.).  The  extensive  existing  local  and  regional  data  base  was  used  for  this 
faulting  and  seismicity  study,  as  well  as  additional  site-specific  field  geologic  investigation 
conducted  to  supplement  existing  data  where  required.  Geologic  data  and  investigations 
utilized  for  this  study  included: 

•  Drilling  logs  from  borings  completed  to  explore  for  gold  mineralization 
and  define  the  extent  of  the  ore  bodies.  Since  1981,  several  thousand 
exploration  borings  have  been  drilled  in  the  vicinity  of  the  proposed 
landfill  project.  Most  of  these  have  been  in  the  Mesquite  Mine  pit  areas, 
but  many  were  also  drilled  in  adjacent  areas  to  define  the  limits  of 
mineralization  and  to  verify  that  gold  ore  does  not  occur  beneath  the 
process  facility  (e.g.,  heap  leach  pad)  areas.  Most  of  these  holes,  which 
typically  extend  to  depths  of  200  to  400  feet  or  more,  encountered 
basement  rock.  Detailed  logs  of  near  surface  materials  were  not  prepared 
for  exploration  borings.  However,  depth  to  basement  rock  was  always 
logged,  when  encountered.  For  this  study,  data  from  exploration  borings 
shown  in  Figure  4. 1  was  used  to  determine  the  depth  and  configuration  of 
basement  rock  (Plate  II). 

•  Drilling  logs  from  additional  borings  in  the  site  vicinity  drilled  for 
geotechnical  information  and  subsurface  monitoring.  These  borings  are 
also  shown  in  Figure  4. 1  and  were  used  to  provide  additional  control 
points  for  contouring  the  basement  rock  configuration. 

•  Results  of  a  suite  of  geophysical  surveys,  including  seismic  refraction, 
gravity,  resistivity,  self  potential,  electromagnetic  and  aerial  magnetic 
techniques.  This  information  was  used  to  help  delineate  geologic 
structure  and  also  to  interpret  the  configuration  of  buried  basement  terrain 
where  this  information  was  not  directly  available  from  boring  logs.  The 
geophysical  surveys  of  most  value  to  this  study  were  seismic  refraction 
and  gravity. 

•  Data  from  published  and  unpublished  geologic  investigations  performed 
in  the  site  area  and  surrounding  vicinity.  Regional  mapping  and 
investigations  of  the  western  Imperial  Valley  have  been  conducted  by 
numerous  investigators.  More  detailed  geologic  mapping  of  the  site 
vicinity  was  conducted  by  Dillon  (1975)  and  others,  and  by  Gold  Fields 
Operating  Co.  in  the  Mesquite  Mining  District.  Subsequently, 
Environmental  Solutions,  Inc.  mapped  the  site  area  specifically  for  this 
study.  The  compiled  information  was  used  to  develop  a  comprehensive 
geologic  map  of  the  site  area  at  a  scale  of  1 :24,000  (Plate  I). 
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•  Analysis  of  aerial  photographs  of  the  site  and  surrounding  area  was 
conducted  for  mapping  the  distribution  of  the  three  ages  of  alluvial 
surfaces  and  examining  the  area  for  terrain  conditions  that  might  be  related 
to  surface  fault  rupture  on  datable  geomorphic  surfaces.  Color  and  black 
and  white,  stereo  photography,  dated  1982  (prior  to  surface  disturbances 
of  the  Mesquite  Gold  Mine),  1985  and  1992,  at  scales  from  1:10,020  to 
1:30,000  were  used. 

•  Two  500-foot  long  backhoe  trenches  were  excavated  and  logged  across 
postulated  faults  in  the  site  area.  Continuity  of  alluvial  beds  and  lenses 
confirmed  the  absence  of  fault  rupture. 

•  Dr.  Roy  Shlemon  (1993)  made  a  site  visit  to  determine  the  ages  of 

the  older  and  intermediate  age  piedmont  fan  geomorphic  surfaces  in  the 
site  area.  Soil-geomorphic  techniques  for  relative  age  assessments  of  the 
surfaces  were  used  by  Shlemon.  As  discussed  in  Chapter  3.0,  the  older 
surfaces  have  an  age  of  35,000  and  40,000  years.  The  surfaces  of  this 
age  have  a  wide  lateral  distribution  in  the  site  region. 

•  Fifteen  hand-dug  test  pits  were  excavated  on  old  alluvial  surfaces  to  verify 
their  soil-geomorphic  age.  Discontinuous  and  overlapping  older  fan 
surfaces  were  used  to  help  validate  the  absence  of  faulting  in  the  site  area. 
The  age  model  used  for  the  test  pits  was  configured  after  criteria 
developed  by  Shlemon  (1993),  and  Christenson  and  Purcell  (1985). 

•  The  site  and  surrounding  vicinity  was  visually  analyzed  and  photographed 
from  an  airplane  flying  passes  at  low  altitude  to  inspect  for  possible 
anomalous  terrain,  lineaments,  or  other  possible  features  that  could  be 
related  to  faulting.  No  evidence  was  observed  to  indicate  active 
(Holocene)  faulting. 

These  data  and  investigations  are  further  discussed  in  the  following  sections: 

Section  4.2  -  Review  of  Previous  Investigations 

Section  4.3  -  Surface  Investigations  and  Geologic  Mapping 

Section  4.4  -  Subsurface  Data  Evaluation 

Section  4.5  -  Local  Faults  and  Possible  Faults 

Section  4.6  -  Summary  and  Conclusions  of  the  Site-Specific 

Investigations 


4.2     REVIEW  OF  PREVIOUS  INVESTIGATIONS 

1 .  An  extensive  array  of  published  and  unpublished  investigations  has  been  conducted  in  the  site 
vicinity  and  region.  Published  studies  used  to  evaluate  the  potential  for  active  faulting  to 
occur  in  the  site  vicinity  include  Jennings  (1967,  1975,  1992),  Maulchin  and  Jones  (1992), 
Wesnousky  (1986),  Morton  (1977),  Greensfelder  (1974)  and  others.  None  of  the  published 
studies  have  identified  active  (Holocene)  faults  trending  through  or  toward  the  proposed 
landfill  site. 

2.  Important  unpublished  investigations  include  Dillon  (1975),  Tosdal,  et  al.  (1991),  Heath 
(1992)  and  geophysical  and  technical  studies  conducted  by  or  for  Gold  Fields  Mining  Co. 


4-2 


Data  from  these  studies  is  discussed  in  Sections  4.4  and  4.5.  As  for  the  published  studies, 
these  unpublished  materials  provide  no  evidence  of  features  that  would  imply  active 
(Holocene)  faulting  in  the  proposed  landfill  site  vicinity. 


4.3     SURFACE  INVESTIGATIONS  AND  GEOLOGIC  MAPPING 

1 .  The  proposed  landfill  site  is  located  in  a  region  where  the  existence  of  Holocene  faulting, 
if  present,  would  be  easily  distinguishable.  Datable,  pre-Holocene  age  (greater  than 
10,000  year  before  present),  piedmont  fan  surfaces  are  widespread  in  the  site  region.  These 
surfaces  are  key  to  determining  whether  Holocene  fault  rupture  has  occurred.  These  old 
surfaces  provide  a  geologic  record  of  the  time  between  their  formation  and  the  present.  The 
site  conditions  provide  a  stark  contrast  to  many  other  areas  of  California  where  evidence  of 
faulting  may  not  be  as  straightforward  due  to  vegetative  cover,  rapid  geologic  change  due  to 
high  rainfall,  unstable  slopes,  etc.,  and  other  factors. 

2 .  The  older  alluvial  fan  geomorphic  surfaces  in  the  site  area  are  of  late  Pleistocene  age  (35,000 
to  40,000  years  old).  If  late  Pleistocene  or  Holocene  faulting  had  occurred  in  the  site  area, 
there  would  be  geomorphic  evidence  on  these  surfaces,  such  as  lineaments,  offset  drainages, 
depressions,  scarps  and  etc.  In  the  dry  desert  environment,  these  types  of  evidence  usually 
are  longstanding.  The  fault  study  conducted  failed  to  find  any  evidence  that  indicates  faulting 
exists  on  these  surfaces  within  or  near  the  landfill  footprint. 

3 .  Because  the  relative  age  of  the  alluvial  fan  geomorphic  surfaces  is  a  key  control  in  establishing 
the  minimum  length  of  time  that  has  passed  since  faulting  may  have  occurred  in  the  site  area, 
Dr.  Roy  Shlemon,  an  independent,  recognized  expert  in  the  field  of  soil  stratigraphy,  was 
consulted  for  this  study.  Relative  soil-geomorphic  age  assessments  of  the  local  piedmont 
alluvial  fan  geomorphic  surfaces  were  documented  by  Dr.  Shlemon  (1993).  His  report  of 
findings  is  included  in  Appendix  A.  Based  on  site  reconnaissance  from  the  air  and  ground, 
and  measurement  of  soil  profiles  from  two  test  pits,  Shlemon  assessed  the  development  of  soil 
(pedogenic)  profiles  for  the  old  and  intermediate  alluvium  geomorphic  surfaces.  These  test 
pits  were  located  adjacent  to  the  500- foot  long  trenches  and  are  shown  in  Plate  I.  Plate  I  also 
shows  the  lateral  distribution  of  the  prominent  old  and  intermediate  surfaces  identified  in  the 
site  region.  The  intermediate  age  fan  surfaces  are  designated  as  "Qil"  and  the  older  surfaces 

as  "Qtol."  The  youngest  alluvium  ("Qa"  on  the  map)  represents  active  channels  and  generally 
lack  soil  profiles. 
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4 .  The  intermediate  alluvium  surface  is  typified  by  a  moderately-developed  desert  pavement 
and  patina  with  thin  vesicular  and  incipient  argillic  horizons.  As  discussed  in  Chapter  3.0, 
Shlemon  assigned  a  relative  age  of  8,000  to  17,000  years  (Holocene  to  Late  Pleistocene) 
to  this  intermediate  alluvium  geomorphic  surface.  It  is  no  older  than  Stage  2  of  the 
oxygen-isotope  stage  chronology. 

5 .  The  old  alluvium  geomorphic  surface  formed  during  a  period  of  relative  landscape  stability 
(oxygen-isotope  Stage  3)  and  has  been  subjected  to  at  least  one  soil  pluvial  epoch.  The  surface 
has  a  well-developed  desert  pavement  and  patina  and  moderately  developed  soil  profile  with  a 
vesicular  and  argillic  horizon  and  multiple  calcic  horizons.  These  soils  have  been  forming  for 
the  last  35,000  to  40,000  years  and  are  considered  pre-Holocene  in  age.  The  parent  alluvial 
fanglomerate  deposits  have  an  estimated  age  of  60,000  to  70,000  years.  The  old  fan  surfaces 
are  conspicuous  and  lie  as  much  as  8  to  20  feet  above  the  active  channels  and  generally  display 
broad  low  relief  topographic  divides. 

6 .  To  further  characterize  their  relative  age  and  distribution,  the  three  alluvial  surfaces  were  mapped 
from  aerial  photographs  based  on  their  relative  height  above  the  active  channels,  degree  of 
incision,  development  of  topographic  divides  and  degree  of  patina  albedo  (reflectance).  During 
the  aerial  photographic  analyses,  the  surfaces  were  studied  for  possible  fault-related  features 
such  as  lineaments,  tonal  contrast,  offset  drainages,  depressions,  and  scarps.  No  evidence  for 
Holocene  age  (last  10,000  years)  faulting  was  found  by  these  analyses. 

7 .  Field  verification  of  the  mapped  surfaces  was  performed  by  driving,  where  permitted,  or 
walking  main  active  drainages  where  stream  erosion  provided  exposures  of  the  soil  profiles 
of  the  intermediate  and  old  alluvial  surfaces.  The  exposures  were  inspected  for  continuity 
of  bedding  and  lenses.  If  faulting  was  present,  bedding  and  lenses  could  show  offset.  No 
evidence  for  Holocene  faulting  was  identified  during  the  field  verification  study. 

8 .  Field  verification  also  included  hand-excavation  of  15  shallow  test  pits  on  old  alluvium  surfaces 
throughout  the  site  vicinity  to  confirm  the  relative  age  of  the  surfaces.  Criteria  used  to  determine 
the  age  of  surface  soils  followed  that  developed  by  Shlemon,  (1980  and  1993).  Plate  I  shows 
the  location  of  the  test  pits.  Table  E.l  in  Appendix  E  summarizes  the  thicknesses  of  the 
horizons  measured.  All  of  the  test  pits  excavated  confirmed  soil  chronology  similar  to  that 
assigned  by  Shlemon  for  the  old  alluvium  geomorphic  surfaces. 
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4.4     SUBSURFACE  DATA  EVALUATION 

1 .  During  the  exploration  phase  of  development  for  the  Mesquite  Mine,  a  suite  of  geophysical 
surveys  was  conducted  to  delineate  potential  mineralized  zones.  A  second  suite  of  geophysical 
surveys  was  conducted  in  the  vicinity  of  the  Mesquite  Mine  production  well  field  to  help 
locate  a  suitable  ground  water  source  for  the  mining  operations.  Of  most  importance  to  this 
study  were:  ( 1)  a  Bouguer  gravity  survey  which  covered  the  entire  site  vicinity;  and  (2)  an 
approximately  6.8-mile-long  seismic  refraction  line  that  included  a  segment  trending  along  the 
east  side  of  the  landfill  footprint.  Data  from  these  geophysical  surveys,  augmented  by  depth  to 
basement  rock  data  from  exploration  borings,  was  used  to  evaluate  whether  subsurface  features 
are  present  in  the  area  that  may  be  related  to  faulting. 

2.  The  Bouguer  gravity  data  (Plate  III)  show  positive  relief  in  the  area  known  to  be  underlain  by 
a  buried  basement  rock  high  based  on  exploration  drilling  data  and  basement  rock  outcrops 
near  the  center  of  the  high.  The  gradient  outward  from  the  high  is  judged  to  roughly  reflect 
increasing  depth  to  the  eroded  and  buried  basement  rock  surface.  Although  the  relationship  is 
not  direct  because  of  variations  in  basement  rock  and  bedrock  density  and  other  influences,  it 
is  apparent  that  steep  linear  gradients  that  often  form  along  faults  are  not  prevalent.  The  lack 
of  steep  relief  suggest  an  eroded  relatively  shallow  buried  basement  terrain. 

3 .  The  refraction  profile  was  run  in  a  general  north-south  direction  across  the  alluvial  surface  as 
shown  in  Plate  II.  Results  are  shown  in  Figure  4.2.  The  profile  shows  a  thin  low  velocity 
layer  ( 1 ,800  to  2,000  feet  per  second)  at  the  ground  surface  which  represents  the  Pleistocene 
and  Holocene  alluvial  cover.  An  intermediate  velocity  layer  (4,600  to  8,300  feet  per  second), 
north  of  the  Vista  Wells,  portrays  the  Bear  Canyon  Conglomerate.  This  intermediate  layer 
overlies  basement  rock  or  well-cemented  Bear  Canyon  Conglomerate  that  has  a  velocity  of 
9,500  to  1 1,500  feet  per  second.  The  three  velocity  layers  are  undulatory  but  continuous  near 
the  proposed  landfill  site. 

4.  In  the  vicinity  of  the  Mesquite  Well  Field  Wells,  two  areas  of  velocity  discontinuity  were 
identified.  The  near  surface  alluvial  sequence  remains  thin  and  continuous  across  the 
discontinuities.  Two  underlying  velocity  layers  ranging  between  3,500  to  4,300  and  6,300  to 
6,400  feet  per  second  were  measured  and  are  comprised  of  saturated  semiconsolidated  ancient 
alluvial  and  lacustrine  deposits  based  on  deep  water  well  data. 
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The  discontinuity  near  Station  AA  (Figure  4.2)  just  north  of  the  well  field  is  estimated  to 
represent  the  distal  edge  of  the  buried  basement  pediment  surface.  Basement  rock  south  of 
this  feature  rapidly  deepens  toward  the  basin.  This  feature  may  represent  an  old  buried  normal 
fault  (postulated)  as  discussed  in  the  following  section.  If  this  feature  is  a  fault,  it  is  no  longer 
active  as  evidenced  by  the  lack  of  geomorphic  expression  at  the  surface  and  the  continuity  of 
the  upper  low  velocity  layer. 


4.5  LOCAL  FAULTS  AND  POSSIBLE  FAULTS 

1 .     As  can  be  seen  in  Plate  I,  the  detailed  mapping  that  has  been  conducted  by  Gold  Fields  in  the 
immediate  vicinity  of  the  mine  pits,  based  primarily  on  pit  exposures  and  extensive  subsurface 
drilling  data,  has  identified  extensive  faulting  that  is  confined  to  basement  and  bedrock  that  is 
pre-Holocene  in  age  (greater  than  10,000  years  before  present).  One  of  the  northwest 
trending  faults  in  the  pit  area  was  identified  by  previous  investigators.  In  addition  to  these 
mine  pit  area  features,  three  features  that  could  be  buried  faults  were  identified  by  this  study. 
The  mine  pit  faults  and  the  three  additional  possible  fault  features  identified  are  discussed  in 
the  following  sections: 

Section  4.5. 1  -  Mine  Pit  Faults 

•  Section  4.5.2  -  Mesquite  Mine  Production  Well  Field  Area  Feature 

•  Section  4.5.3  -  Brownie  Hill  -  Blue  Hill  Feature 

•  Section  4.5.4  -  Basement  High  Outcrop  Feature 


4.5.1   MINE  PIT  FAULTS 

1 .  Detailed  geologic  mapping  has  been  performed  in  the  mine  pits  as  they  have  been  excavated. 
Plate  I  shows  the  major  faults  mapped  within  and  adjacent  to  the  pits  as  reported  by  Tosdal, 
et  al.  (1991).  Two  dominant  sets  of  faults  have  been  identified  in  the  pits,  an  older  set 
trending  to  the  northwest  and  a  younger  set  trending  to  the  northeast  and  offsetting  the  older 
faults. 

2 .  One  northwest  trending  fault  that  trends  through  the  Vista  Pit  and  immediately  north  of  the 
Big  Chief  pit  and  Brownie  Hill  was  previously  identified  by  Morton  (1977),  Higgins  (1990) 
and  Crandall  (1982).  This  fault  is  located  about  4,000  feet  north  of  the  proposed  landfill 
footprint.  It  forms  a  strong  aerial  photographic  lineament  up  to  1 ,000  feet  wide  across  the 
basement  rock  exposures  that  is  evident  in  the  photographic  base  of  Plate  I.  As  mapped  by 
Gold  Fields'  geologists,  the  zones  consist  of  several  cross-cutting  northwest  and  northeast 
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trending  faults.  These  faults  are  confined  to  bedrock  and  basement  materials  and  do  not 
project  into  the  alluvial  units.  Additional  information  about  the  geology  and  faulting  in  the 
mine  district  is  presented  in  a  professional  paper  by  Tosdal,  et  al.,  (1991)  in  Appendix  C. 

3 .     A  few  of  the  northeast  trending  faults  mapped  in  the  pits  displace  bedrock  and  basement  rock 
that  are  at  least  as  old  as  the  Miocene-Pliocene  age  (1 1.2  to  3.4  million  years  old)  Bear  Canyon 
Conglomerate.  No  evidence  has  been  established  to  indicate  that  any  of  the  mapped  mine  pit 
faults  project  up  into  or  through  the  old  alluvium  surfaces  (35,000  to  40,000  years  of  age). 
Analysis  of  premine  development  aerial  photographs  failed  to  show  any  lineaments  or  other 
fault-related  geomorphic  features  that  could  be  associated  with  rupturing  of  these  surfaces. 

4.5.2  MESQUITE  MINE  PRODUCTION  WELL  FIELD  AREA  FEATURE 

1 .  As  discussed  in  Section  4.3,  a  basement  discontinuity  projects  roughly  east-west  in  a  zone 
about  3,000  feet  north  of  the  Mesquite  Mine  production  wells  as  shown  in  Plate  I.  This 
feature  is  approximately  aligned  with  seismic  refraction  and  other  geophysical  anomalies 
identified  by  Albedo  (1984),  and  corresponds  with  a  rapid  thickening  of  alluvial  deposits. 

2.  This  feature  is  believed  to  represent  the  distal  edge  of  the  basement/bedrock  pediment  surface 
and  the  buried  ancient  boundary  between  the  Chocolate  Mountains  and  the  Salton  Trough. 

A  buried  normal  fault  may  exist  at  this  location  with  down-to-the  basin  displacement.  The 
feature  lies  at  least  8,000  feet  to  the  south  of  the  proposed  landfill  footprint.  No  evidence  was 
found  to  indicate  that  this  possible  fault  may  displace  the  old  alluvial  surfaces  that  are  35,000 
to  40,000  years  of  age. 


4.5.3  BROWNIE  HILL  -  BLUE  HILL  FEATURE 

1 .     Plate  I  shows  a  possible  fault  that  trends  west-northwest  between  the  southerly  foot  of 

Brownie  Hill  and  Blue  Hill.  A  possible  fault  is  postulated  at  this  location  due  to  the  basement 
rock  configuration  (Plate  II)  and  the  alignment  of  bedrock  (Bear  Canyon  Conglomerate)  hills. 
The  structural  relationship  of  this  possible  fault  is  shown  in  Sections  A-A'  and  B-B'  in 
Figure  3.1.  Gravity  data  (Figure  4.1)  does  not  support  the  presence  of  this  structure, 
however.  An  eroded  basement  rock  surface  is  a  possible  alternative  explanation  for  the 
increasing  depth  to  basement. 
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2 .     A  500-foot  long  backhoe  trench  (Trench  No.  1  in  Plate  I)  was  excavated  across  the  feature 
in  an  attempt  to  locate  the  postulated  fault.  The  trench  was  dug  to  a  depth  of  4  to  5  feet  into 
well-bedded  old  alluvial  deposits  60,000  to  70,000  years  in  age  (below  35,000  to  45,000  year 
old  surfaces).  A  log  of  the  trench  is  shown  in  Figure  4.3,  and  typical  photographs  of  the  trench 
and  trench  location  are  shown  in  Figures  4.4  and  4.5.  Soil  stratigraphic  criteria  developed  by 
Shlemon  (1993)  was  used  to  describe  the  soils  exposed  in  the  trenches,  as  outlined  in  Table  4.1. 
Very  good  continuity  of  beds  and  lenses  of  fluvial  deposits  was  established  along  the  trench. 
No  evidence  of  faulting  was  found  nor  were  any  fault-related  features  noted  in  the  trench.  The 
conclusion  of  this  trench  investigation  is  that  if  this  feature  is  in  fact  a  fault,  it  has  not  moved 
in  the  last  60,000  to  70,000  years. 


4.5.4  BASEMENT  HIGH  OUTCROP  FEATURE 

1 .  A  mostly  buried  basement  high  is  known  to  exist  in  the  western-central  portion  of  the  proposed 
landfill  footprint  based  on  isolated  outcrops  of  pre  Tertiary  age  (greater  than  66.4  million  years 
old)  metamorphic  rocks  and  from  subsurface  drilling  data.  Subsurface  drilling  data  also  showed 
a  basement  low  between  Brownie  Hill  and  the  northern-most  of  these  basement  rock  outcrops 
(Plate  II).  The  buried  basement  low  may  be  an  erosional  feature  or  it  may  be  bounded  on  the 
northeast  by  a  down-to-the-north  normal  displacement  fault.  This  postulated  fault  would  trend 
to  the  northwest,  similar  to  the  Brownie  Hill  -  Blue  Hill  feature. 

2 .  Another  500-foot  long  backhoe  trench  (Trench  No.  2)  was  excavated  across  this  feature  at  the 
location  shown  in  Plate  I.  The  trench  log  is  shown  in  Figure  4.6  and  typical  photographs  of 
the  trench  are  shown  in  Figure  4.7.  The  trench  was  excavated  across  an  intermediate  alluvium 
surface  that  has  a  relative  age  of  8,000  to  17,000  years  of  age  (Shlemon,  1993).  The  age  of  the 
subsurface  alluvium  is  estimated  to  be  older  than  the  overlying  soils  and  in  excess  of 

10,000  years  old  (late  Pleistocene).  No  evidence  for  faulting  was  noted  based  on  the 
continuity  established  among  well-bedded  layers  and  lenses. 


4.6     SUMMARY  AND  CONCLUSIONS  OF  THE  SITE-SPECIFIC 
INVESTIGATIONS 

1 .     As  discussed  in  the  preceding  sections,  no  evidence  for  Holocene  faulting  (last  10,000  years) 

was  detected  on,  or  immediately  adjacent  to,  the  proposed  landfill  footprint.  This  study 

concludes  that  the  site  is  clear  of  Holocene  faults  based  on  the  following: 

•       All  previous  mapping  conducted  by  state  and  federal  agencies,  and 

investigations  associated  with  universities  and  industry,  have  not  identified 
active  (Holocene)  faults  trending  through  or  toward  the  project  site. 
The  area  is  considered  to  be  in  a  relatively  stable  tectonic  zone. 
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Detailed  geologic  mapping  of  adjacent  mined  areas  conducted  by 
Gold  Fields  Mining  Co.  has  not  identified  active  (Holocene)  faulting. 

Aerial  photographic  imagery  analyses  with  subsequent  field  verification 
did  not  indicate  evidence  of  Holocene  faulting. 

Analysis  of  geophysical  data  and  extensive  drilling  information  in  the  site 
area  helped  delineate  buried  geologic  structures  that  were  evaluated  to 
determine  whether  there  may  be  evidence  of  faulting  below  the  ground 
surface.  Trenches  were  excavated  at  two  locations  where  possible  faults 
were  postulated  based  subsurface  data.  Data  from  these  trenches  did  not 
indicate  any  evidence  for  Holocene  faulting. 

Continuous  and  overlapping  pre-Holocene  age  fan  surfaces  project 
through  large  portions  of  the  site  region.  The  older  surfaces  have  a 
relative  age  of  35,000  to  40,000  years,  and  provide  a  dependable 
controlling  factor  for  determining  the  presence  or  lack  Holocene  faulting. 
No  evidence  of  Holocene  faulting  was  identified  trending  across  any 
mapped  surface  in  the  project  study  area. 

As  further  discussed  in  Chapter  6.0,  historic  seismicity  in  the  region  has 
been  very  low  suggesting  the  site  does  not  lie  in  a  zone  of  active  faulting. 
Active  faulting  related  to  the  present  tectonic  regime  is  associated  with  the 
Salton  Trough  spreading  center,  located  a  minimum  distance  of  nine  miles 
to  the  west  of  the  site  as  discussed  in  Chapter  5.0. 
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5.0     REGIONAL  FAULTING 

5.1     BACKGROUND  AND  SCOPE 

1 .  As  discussed  in  Section  2.0,  the  proposed  landfill  site  is  located  near  the  western  margin  of 
the  Salton  Trough,  which  represents  an  active  tectonic  plate  boundary  with  ongoing  crustal 
spreading  and  transform  faulting.  The  site  is  located  east  of  the  Salton  Trough  in  an  area  that 
is  considered  technically  stable.  Active  faulting  associated  with  the  regional  tectonics  of  the 
Salton  Trough  begins  occurring  a  minimum  of  nine  miles  west  of  the  proposed  project  site. 
This  chapter  discusses  faults  in  the  region  that  are  important  to  consider  so  that  landfill 
facilities  can  be  designed  to  preclude  unacceptable  damage  by  earthquake  ground  shaking. 

2.  The  Salton  Trough  is  one  of  the  most  studied  features  in  the  world  because  of  its  continuing 
tectonic  activity  and  associated  geothermal  systems.  Hundreds  of  professional  papers  have  been 
written  by  some  of  the  most  acclaimed  geologists  and  seismologists.  The  tectonic  processes  of 
the  region  are  relatively  well  understood  compared  to  other  active  regions.  Earthquakes  and 
fault  ruptures  occur  frequently  and  are  studied  in  great  detail.  Substantial  subsurface 
information  is  available  for  these  studies  from  deep  exploration  wells  in  geothermal  areas. 
Suites  of  various  geophysical  surveys  have  been  used  to  examine  the  structure  and  stratigraphy 
within  the  trough.  Intensive  investigations  for  faulting  and  earthquake  activity  have  been 
conducted  by  industries  for  nuclear  facilities  and  mineral,  energy  and  water  resources. 

3 .  This  investigation  conducted  for  determining  which  faults  and  associated  earthquakes  might 
influence  the  proposed  landfill  included: 

•  Researching  pertinent  available  published  and  unpublished  professional 
papers  and  reports  prepared  by  federal  and  state  agencies,  universities  and 
individuals.  A  list  of  the  literature  researched  is  included  in  Chapter  7.0, 
References.  Two  of  the  most  current  papers  prepared  by  the  California 
Division  of  Mines  and  Geology  (Maulchin  and  Jones,  1992,  and 
Jennings,  1992)  include  fault  maps  that  show  the  location  of  regional 
capable  faults,  and  provide  MCE  magnitudes  and  activity  rating  for  the 
regional  faults. 

•  Mr.  Edward  Heath  (1992),  an  independent  Consulting  Geologist,  was 
retained  for  this  study  because  of  his  knowledge  of  the  regional  tectonics 
in  the  Salton  Trough.  Heath  previously  conducted  studies  for  a  nuclear 
facility  south  of  Yuma,  Arizona.  Heath's  previous  studies  consisted  of 
investigating  faults  along  the  east  side  of  the  Salton  Trough  with 
geophysical  techniques  (seismic  reflection),  fault  trenching  and  aerial 
photographic  analyses.  Information  derived  by  Heath  was  instrumental  in 
determining  which  regional  faults  and  associated  earthquakes  might 
influence  the  proposed  landfill. 
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Fixed-wing,  low  altitude  aircraft  observations  and  photography  were 
employed  to  help  validate  geomorphic  features  that  could  be  useful  for 
establishing  an  age  limit  of  faulting  in  the  Sand  Hills  area  opposite  the 
project  site. 

USGS  National  Earthquake  Information  Center  computer  records  were 
obtained  and  evaluated  for  earthquakes  that  have  occurred  historically 
within  a  100-kilometer  (approximately  60  miles)  radius  of  the  proposed 
landfill  site. 


4.     Major  regional  faults  identified  for  this  study  are  shown  in  Figure  2.1.  Seismologists  have 
assigned  MCE  magnitudes  to  the  known  active  faults.  The  MCE  event  is  considered  the 
largest  possible  earthquake  based  on  the  known  tectonic  framework  of  a  particular  fault. 
A  second  design  earthquake,  the  MPE  is  the  largest  earthquake  on  a  particular  fault  which  has 
a  100-year  return  period.  The  MPE  is  deduced  from  many  sources  of  information  such  as: 
(1)  historic  seismicity;  (2)  fault  rupture  dimensions;  (3)  fault  segmentation;  and  (4)  empirical 
data  derived  from  other  similar  faults  or  fault  systems. 


5.2    FAULTS  CONSIDERED  ACTIVE  OR  POTENTIALLY  ACTIVE 

1 .     This  section  discusses  faults  and  postulated  faults  that  are  important  to  consider  for  design  of 
the  proposed  landfill.  Estimated  peak  horizontal  ground  accelerations  that  could  occur  at  the 
proposed  landfill  site  due  to  activity  on  these  faults  are  addressed  in  Chapter  6.0. 


5.2.1  SAN  ANDREAS  FAULT 

1 .  The  San  Andreas  Fault  (Figure  2. 1 )  dominates  the  present  active  tectonic  regime  in  the  site 
region.  Total  lateral  displacement  in  the  region  has  been  in  the  order  of  at  least  180  miles 
(300  km)  in  the  last  four  million  years  (Damiata,  et  al.,  1986). 

2 .  The  active  southern  portion  of  the  San  Andreas  Fault  traverses  along  the  northeast  side  of  the 
Salton  Sea  and  terminates  near  Bombay  Beach  about  45  miles  to  the  northwest  of  the  site 
(Jennings,  1992;  and  Maulchin  and  Jones,  1992;  Heath,  1992).  The  fault  displays  dominant 
right  lateral  slip  and  consists  of  several  en  echelon  traces  in  a  wide  zone  with  diverging  north 
trending  splays.  The  southern  portion  of  the  fault  has  not  produced  a  major  historic 
earthquake,  though  in  1969,  during  the  Borrego  Mountain  Earthquake  (San  Jacinto  Fault), 
sympathetic  rupture  was  reported  along  the  east  side  of  the  Salton  Sea  (Jennings,  1975). 
The  southern  portion  of  the  San  Andreas  Fault  has  been  assigned  an  MCE  of  8.25 
(Maulchin  and  Jones,  1992). 
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5.2.2  BRAWLEY  SEISMIC  ZONE 

1 .  The  current  model  for  seismic  and  tectonic  activity  south  of  the  San  Andreas  Fault  is  associated 
with  interaction  of  transform  faulting  and  spreading  centers  as  shown  in  Figure  5.1.  The 
model  depicts  the  westerly  land  mass  (lower  left  portion  of  the  figure)  moving  to  the  northwest 
relative  to  the  easterly  land  mass  (upper  right  portion  of  the  figure),  along  a  series  of 
subparallel  northwest  trending  right  lateral  en  echelon  faults,  resulting  in  the  land  being  pulled 
apart  at  spreading  centers.  The  northwest  trending  faults  terminate  at  these  centers,  though 
continued  transform  movements  are  shifted  across  the  spreading  zones  to  the  adjacent 
transform  fault.  Figure  5.2  shows  earthquake  epicenters  that  delineate  the  spreading  centers 
opposite  the  site  area  and  represent  the  shifting  of  movement  from  the  south  end  of  the 

San  Andreas  Fault  to  the  Imperial-Brawley  Fault  zone. 

2.  This  zone  of  crustal  rifting  and  intense  seismic  activity  is  known  as  the  Brawley  Seismic 
Zone.  The  zone  lies  south  of  Bombay  Beach  and  west  of  the  Sand  Hills  (Figure  2. 1 ). 

No  surface  faulting  has  been  identified  with  the  zone  but  numerous  small  earthquakes  have 
been  recorded  between  the  southern  San  Andreas  Fault  and  the  Imperial-Brawley  Faults  as 
shown  in  Figure  5.2.  The  Brawley  Seismic  Zone  has  been  assigned  an  MCE  of  M6.25 
(Maulchin  and  Jones,  1992). 

5.2.3  EAST  MESA  FAULT 

1 .  A  previous  study  by  Heath  (1980),  indicated  several  north-south  trending,  left  stepping 
en  echelon  faults  on  the  East  Mesa  that  showed  normal  movement  with  the  west  side 
down-dropped  with  some  possible  lateral  movement.  The  faults  are  located  west  of  the 
Algodones  Sand  Hills  and  project  along  a  five-mile  zone.  Trenching  and  logging  of  the  faults 
showed  that  rupture  was  relatively  young,  possible  late  Pleistocene  or  Holocene  age. 

2.  According  to  Heath  (1992),  these  faults  appear  to  represent  active  tensional  stress  along  the 
eastern  margin  of  the  Salton  Trough  opposite  the  spreading  center.  This  apparent  motion, 
down-to-the-basin  normal  listric  faulting,  is  related  to  the  pull-apart  processes  within  the 
spreading  center  and  not  lateral  slip  along  the  San  Andreas  Fault.  These  features  may  be 
aseismic  and  associated  with  downdropping  of  the  trough,  a  common  basin  margin 
subsidence  phenomena.  For  purposes  of  this  study,  these  East  Mesa  Faults  are  considered 
active  and  are  the  closest  active  fault  to  the  site.  An  MCE  event  of  M6.5  is  assigned  to  the 
East  Mesa  Fault  (Heath,  1992).  As  discussed  in  Appendix  D,  Heath  recommended  a 
conservative  earthquake  scenario  that  assumes  there  may  be  traces  of  this  fault  along  the 
western  side  of  the  sand  hills,  approximately  nine  miles  west  of  the  site. 
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5.2.4  EAST  HIGHLINE  CANAL  LINEAMENT 

1 .     Maulchin  and  Jones  (1992)  have  reported  an  active  Holocene  fault  referred  to  as  the  East 
Highline  Canal  lineament  (Figure  2.1).  This  lineament  trends  to  the  northwest  and  has  a 
mapped  length  of  40  miles.  The  feature  projects  directly  along  the  ancient  shoreline  of 
Lake  Cahuilla  at  elevation  zero.  The  shoreline  represents  a  pronounced  erosional 
geomorphic  lineament.  Whether  this  lineament  is  a  shoreline  fault  is  considered  highly 
questionable.  The  only  evidence  for  its  existence  is  the  shoreline  itself.  However,  for  the 
purposes  of  this  study,  the  lineament  is  considered  an  active  fault.  The  lineament  lies  15  miles 
west  of  the  project  site  and  has  been  assigned  an  MCE  of  M6.5  (Maulchin  and  Jones,  1992). 


5.2.5  IMPERIAL  AND  BRAWLEY  FAULTS 

1 .  The  active  Imperial  and  Brawley  fault  system  (Figure  2. 1)  is  located  in  a  zone  of  pronounced 
seismic  activity  and  surface  fault  rupture.  The  system  trends  to  the  northwest  and  extend 
from  east  of  Cerro  Prieto  in  Mexico  to  near  Brawley,  a  total  distance  of  about  60  miles. 
Displacement  along  the  fault  has  been  right  slip  with  a  small  vertical  component.  The  strike  of 
the  Imperial  Fault  is  nearly  concordant  with  the  San  Jacinto  Fault  northwest  of  the  Salton  Sea 
(Real,  McJunkin,  Leivas,  1979).  The  Brawley  Fault  trends  to  the  north  from  an  intersection 
with  the  Imperial  Fault  at  a  location  about  four  miles  northeast  of  the  city  of  El  Centre  The 
fault  has  a  surface  expression  (scarp)  of  approximately  8.5  miles  long.  The  Mesquite  Graben 
lies  between  the  two  faults  which  have  moved  synchronously  during  past  earthquakes. 

2 .  In  Baja,  Mexico,  the  Imperial  Fault  appears  to  terminate  at  a  spreading  center  similar  to  the 
San  Andreas  Fault  in  the  Salton  Trough  (Terres  and  Crowell,  1979).  From  the  site,  the 
Imperial-Brawley  system,  lies  at  a  minimum  distance  of  26  miles  to  the  west.  An  MCE  event 
of  M7.0  has  been  assigned  to  the  system  (Maulchin  and  Jones,  1992). 


5.2.6  SAN  JACINTO  FAULT  SYSTEM 

1 .     To  the  southwest  of  the  Salton  Sea  and  trending  to  the  northwest  on  line  with  the  San  Jacinto 
Fault  are  two  subparallel  faults  known  as  the  Superstition  Hills  and  Superstition  Mountain 
Faults  (Figure  2.1),  both  of  which  are  roughly  15  miles  long.  The  23-mile  long  active 
Coyote  Creek  Fault  is  probably  a  continuation  of  the  Superstition  Mountain  Fault  to  the 
northwest.  All  three  faults  display  right  lateral  displacement  and  are  considered  segments  of 
the  San  Jacinto  Fault  which  is  the  most  active  fault  in  southern  California.  Historically, 
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moderate-sized  earthquakes  have  occurred  on  these  faults  accompanied  by  surface  rupture. 
The  project  site  lies  a  minimum  distance  of  37  miles  to  the  east  of  the  faults.  The  MCE 
magnitude  for  the  San  Jacinto  Fault  System  is  M7.5  (Maulchin  and  Jones,  1992). 


5.2.7  ELSINORE  FAULT 

1 .     The  northwest  trending  Elsinore  Fault  is  an  active  fault  system  lying  about  52  miles  to  the 
southwest  of  the  proposed  landfill  site  (Figure  2.1).  This  fault  continues  south  into  Mexico 
where  it  too  ends  at  an  inferred  spreading  center.  The  fault  consists  of  many  overlapping 
strands  and  displays  right  lateral  movement.  The  Elsinore  Fault  ruptured  the  ground  surface 
in  1910  near  Lake  Elsinore,  and  historically  has  produced  moderate-sized  earthquakes. 
An  MCE  of  M7.5  has  been  assigned  to  the  Elsinore  Fault  (Wesnousky,  1986). 


5.3     INACTIVE  FAULTS 

1 .     This  section  discusses  faults  and  postulated  faults  that  have  been  considered  for  this  study  and 
determined  not  to  be  of  concern  for  the  proposed  project  because  of  lack  of  evidence  for 
faulting  or  recent  movement. 


5.3.1   SAND  HILLS  FAULT 

1 .  The  Sand  Hills  Fault  (Figure  2.1)  is  a  postulated  projection  of  the  San  Andreas  Fault  that 
continues  southeast  of  Bombay  Beach  and  trends  along  the  east  side  of  the  Algodones  Sand 
Dunes  opposite  the  site  (Jennings,  1992).  Due  to  its  proximity  to  the  site  (about  4.5  miles), 
Edward  Heath  (1992)  was  retained  for  this  study  to  determine  the  appropriate  activity  rating 
for  this  postulated  fault.  Appendix  D  contains  the  report  written  by  Heath  describing  his 
finding  and  conclusions  regarding  the  faulting  and  seismicity  in  the  vicinity  of  the  project. 
Some  geophysical  (seismic  reflection)  evidence  that  suggests  deep  faulting  exists  along  the 
Sand  Hills  trend  but  there  is  no  evidence  to  suggest  Quaternary  age  (last  2  million  years) 
deposits  are  displaced.  All  fault  maps  prepared  by  state  and  federal  agencies,  as  well  as 
professional  papers  written  by  experts,  show  the  Sand  Hills  Fault  to  be  a  questionable  and 
buried  feature  and  at  no  time  has  the  fault  been  identified  to  be  active  or  potentially  active 
(i.e.,  having  moved  the  last  500,000  years,  or  late  Pleistocene  time). 

2.  Based  on  the  current  tectonic  model  of  the  Salton  Trough  (Figure  5. 1 ),  the  San  Andreas  Fault 
northwestward  from  the  southeast  end  of  the  Salton  Sea  is  considered  a  transform  structure 
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with  dominant  right  lateral  slip.  To  the  southeast,  the  postulated  Sand  Hills  Fault  projection 
lies  opposite  the  spreading  center  of  the  trough  where  transform  movement  should  decrease  to 
zero.  Still  further  to  the  southeast,  if  the  model  is  correct,  the  Sand  Hills  Fault  should  display 
transform  left  lateral  slip  as  a  relic  of  past  crustal  spreading  (Sheehan,  1986).  The  fact  that 
there  has  been  nominal  historic  seismicity  and  lack  of  geomorphic  evidence  for  Holocene 
activity  on  the  Sand  Hills  Fault  strongly  suggests  the  model  is  correct. 

The  Sand  Hills  Fault  appears  to  presently  represent  an  abandoned  transform  fault  that  now 
forms  the  eastern  margin  of  spreading  within  the  trough.  The  San  Andreas  Fault  proper 
apparently  ends  in  the  now  developing  pull-apart  spreading  basin  south  of  the  Salton  Sea 
(Terres  and  Crowell,  1979;  Crowell  and  Sylvester,  1979)  and  does  not  connect  with  the  Sand 
Hills  Fault  (Heath,  1992).  This  condition  alleviates  the  possibility  for  the  Sand  Hills  Fault  to 
rupture  and  produce  major  earthquakes  in  the  vicinity,  opposite  the  site.  The  Sand  Hills  Fault 
is  considered  inactive  and  not  a  seismic  constraint  relative  to  the  project. 


5.3.2  POSTULATED  ALGODONES  FAULT 

1 .  Faults  maps  prepared  by  Maulchin  and  Jones  (1992)  and  Jennings  (1992),  show  that  the 
Algondones  Fault ,  located  about  17  miles  east-southeast  of  the  project  site  is  capable  of 
possible  future  fault  rupture.  In  1974,  Woodward-McNeil,  Inc.,  conducted  a  geotechnical 
investigation  for  a  proposed  nuclear  facility  near  Yuma,  Arizona.  An  extensive  fault 
investigation  was  performed  to  determine,  in  part,  if  the  Algodones  Fault  was  capable  of 
future  rupture  or  generating  a  major  earthquake.  The  investigators  found  that  the  Algodones 
Fault  was  a  down-to-the-east  normal  fault  confined  to  the  western  margin  of  the  Fortuna  Basin 
in  Arizona  (Heath,  1992). 

2.  No  evidence  was  found  to  indicate  the  Algodones  Fault  projected  across  the  Yuma  basement 
high  into  California.  West  of  the  Yuma  basement  high,  west  dipping  normal  faults  were 
identified  and  these  most  likely  represent  the  eastern  edge  of  the  Salton  Trough  and  are 
probably  related  to  the  East  Mesa  Fault  (Heath,  1992).  The  Algodones  Fault  does  not  exist 
as  mapped  by  the  California  Division  of  Mines  and  Geology  (Maulchin  and  Jones,  1992; 
Jennings,  1992)  but  is  shown  in  Figure  2.1  for  descriptive  purposes. 
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5.3.3  CHOCOLATE  MOUNTAINS  FAULTS 

1 .     Numerous  faults  have  been  mapped  in  the  Chocolate  Mountains  to  the  north  of  the  project  site. 
The  faults  mapped  are  dominantly  northwest  trending  normal  or  curvilinear  thrust  faults 
associated  with  uplift  of  the  range.  All  mapped  faults  are  pre-Holocene  (Dillon,  1975); 
Murry,  et  al.,  1980;  Higgins,  1990;  Jennings,  1992;  Maulchin  and  Jones,  1992).  No  surface 
faults  have  been  mapped  on  the  piedmont  fans  in  the  vicinity  of  the  project  between  the  foot 
of  the  range  and  the  east  side  of  the  Imperial  Valley.  For  these  reasons,  faults  within  the 
Chocolate  Mountains  are  not  considered  active  for  this  investigation. 


5.4     SUMMARY  AND  CONCLUSIONS 

1 .     The  active  faults  assigned  a  MCE  magnitude  in  Section  5.2  are  those  that  might  affect  the 
project  should  they  rupture  and  produce  a  substantial  earthquake.  None  of  the  active  faults 
discussed  trend  toward  or  through  the  property.  Of  the  seven  active  faults  and  fault  zones 
identified,  the  East  Mesa  Fault  is  the  closest  to  the  site  (nine  miles).  Regionally,  earthquake 
MCE  magnitudes  range  between  M6.25  to  M8.25  with  the  larger  events  associated  with  the 
San  Andreas,  San  Jacinto  and  Elsinore  Faults.  Chapter  6.0  describes  the  potential  ground 
motions  that  can  be  anticipated  at  the  site  from  a  substantial  earthquake. 
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6.0     SEISMICITY 

1 .  The  Imperial  Valley  is  one  of  the  most  seismically  active  regions  of  California.  The  pattern 
and  frequency  of  earthquakes  and  the  types  of  motions  reflect  the  active  tectonic  processes. 
Most  of  the  large  historic  earthquakes  have  occurred  on  the  Imperial-Brawley  and  San  Jacinto 
systems  with  earthquake  sequences  occurring  as  main  shocks  followed  by  aftershocks  or 
swarms  of  small  events  (Damiata,  et  al.,  1986).  Far  fewer  historic  earthquakes  are  located  in 
proximity  of  the  southern  San  Andreas  Fault  indicating  the  current  active  tectonic  regime  is 
located  further  to  the  west  in  the  central  and  western  portions  of  the  Salton  Trough. 

2.  The  recent  Joshua  Tree,  Landers,  and  Big  Bear  Earthquake  Sequence  of  1992  has  led  some 
investigators  to  believe  the  south  San  Andreas  Fault,  north  of  the  Salton  Sea,  is  ready  to  rupture 
with  perhaps  another  major  event.  The  faults  associated  with  the  1992  sequence  were  the 
Camp  Rock,  Johnson  Valley,  Galway  Lake  and  Emerson  (desert)  Faults.  Questions  remain 

as  to  how  these  faults  are  associated  to  the  San  Andreas  system,  if  at  all.  The  maximum 
earthquake  magnitude  was  a  M7.5  (Landers  event  of  June  28,  1992).  Thousands  of  aftershocks 
have  followed  the  main  sequence  within  a  60-mile  long  northwest  trending  pattern.  The  project 
site  lies  about  100  miles  to  the  southeast  of  this  zone.  Employees  at  the  Mesquite  Mine  felt  the 
large  earthquakes,  but  reportedly  shaking  was  mild  and  there  was  no  damage. 

3 .  The  1992  Landers  Earthquake  sequence  proved  that  more  than  one  fault  within  the  same 
system  can  rupture  simultaneously.  As  a  result,  in  the  event  that  the  southern  San  Andreas 
Fault  were  to  rupture,  there  is  a  potential  for  other  nearby  associated  faults  with  the  same 
tectonic  framework  to  rupture.  The  anticipated  earthquake  magnitude  of  such  a  combined 
event  is  primarily  dictated  by  the  fault(s)  length  and  sense  of  movement.  Magnitudes  have 
been  assigned  to  regional  active  faults  that  could  influence  the  site  and  are  listed  in  Table  6. 1 . 
Additional  fault  parameters  are  provided  in  Table  6.2.  As  shown  in  these  tables,  if  three 
segments  of  the  San  Andreas  Fault  were  to  rupture  simultaneously  between  the  south  end  of 
the  Salton  Sea  (Bombay  Beach)  and  Slack  Canyon  (near  Parkfield,  California  in  San  Luis 
Obispo  County)  with  a  total  rupture  length  of  328  miles,  a  maximum  credible  earthquake  of 
M  8.25  could  occur.  However,  as  is  also  shown,  this  would  only  cause  maximum  ground 
acceleration  of  0.08  g  at  the  site. 

4.  Most  of  the  earthquakes  occur  at  relatively  shallow  depth  in  the  central  valley  area.  Seismicity 
appears  to  peak  at  a  depth  of  about  8  km  (4.8  miles)  which  may  be  associated  with  crustal 
extension  and  geothermal  processes.  This  crustal  extension  process  results  in  sedimentation  on 
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the  surface  and  intrusion  of  mafic  igneous  rocks  into  the  earth's  lower  crust  within  the  trough. 
Accompanying  the  spreading  are  high  seismicity,  high  heat  flow  and  metamorphism  of 
sediments  at  shallow  depths. 

5 .  Figure  6. 1  shows  the  distribution  of  historic  earthquake  epicenters  for  events  greater  than 
M4.0  occurring  within  a  radius  of  100  km  (60  miles)  of  the  site  based  on  United  States 
Geological  Survey  (USGS)  National  Earthquake  Information  Center  Data  obtained  in  1992. 
Within  the  search  radius,  there  have  been  437  earthquakes  with  magnitudes  ranging  from 
4.0  to  7.0.  Earthquakes  plotting  closest  to  the  site  include  two  events  recorded  at  latitude 
33.000,  longitude  1 15.000.  These  events  include  a  M5.5  in  1872  and  a  M4.0  in  1943. 
These  early  earthquake  records  are  based  on  limited  information  so  there  is  little  control  over 
epicenter  location.  The  1872  earthquake  location  was  estimated  based  on  newspaper  reports 
of  ground  shaking  in  Yuma  and  San  Bernardino.  The  epicenter  was  plotted  between  these 
widely  spaced  locals  but  is  only  estimated  to  have  occurred  "in  or  near  the  Imperial  Valley" 
(Toppozada,  et  al.,  1981).  The  M4.0  earthquake  occurring  in  1943  was  probably  plotted 
based  on  similar  reports  of  ground  shaking  (personal  communication,  Glen  Reagor, 
United  States  Geologic  Survey,  August  6,  1993;)  and/or  limited  southern  California  regional 
seismograph  stations  available  at  that  time  (personal  communication,  Dr.  Lucy  Jones, 
United  States  Geologic  Survey,  August  6,  1993).  The  USGS  data  base  designates  the 
accuracy  of  the  1943  epicenter  as  a  "D"  quality  location,  meaning  that  the  level  of  confidence 
of  the  location  is  greater  than  15  km  (9  miles).  Because  there  are  no  known  active  faults  in 
the  vicinity  of  these  two  early  epicenters,  it  is  likely  that  these  earthquakes  occurred  further 
to  the  west  in  the  more  active  seismic  region  of  the  Imperial  Valley. 

6.  The  most  recent  moderate-sized  earthquakes  were  the  October  15,  1979,  Imperial  Valley 
Earthquake  (M6.6)  on  the  Imperial-Brawley  system,  and  the  November  23-24,  1987, 
Superstition  Hills  Earthquakes  (M6.2  and  M6.6).  In  the  low  lying  portions  of  the  valley, 
considerable  structural  damage  occurred  due  to  these  events.  A  large  portion  of  the  damage 
was  attributed  to  liquefaction.  Significant  historic  earthquakes  included  in  the  USGS  data 
base  are  summarized  in  Table  6.3.  This  level  of  seismic  activity  is  expected  to  continue  in 
the  region  with  the  possibility  of  larger  events  along  the  known  active  faults. 

7 .  As  indicated  above,  Table  6. 1  shows  the  anticipated  ground  motions  at  the  site  from  the  various 
known  regional  active  faults  should  one  rupture  and  produce  a  major  earthquake.  The  degree  of 
ground  shaking  is  mostly  related  to  the  magnitude  of  an  earthquake  and  the  distance  from  the 
epicenter  to  the  site.  The  accelerations  shown  in  Table  6. 1  were  computed  using  empirical 
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deterministic  data  after  Joyner  and  Fumal  (1986).  As  shown,  the  worst-case  scenario  would  be 
a  MCE  of  M6.5,  located  nine  miles  west  of  the  site  on  the  East  Mesa  Fault.  Peak  horizontal 
accelerations  for  such  an  event  would  be  about  0.20g.  For  the  MPE  (M6.0)  on  the  East-Mesa 
Fault,  peak  horizontal  accelerations  would  be  about  0.1 7g.  The  high  repeatable  accelerations 
would  be  0. 13g  and  0. 1  lg  for  the  MCE  and  MPE,  respectively. 

8 .     Secondary  events  sometimes  associated  with  earthquakes  include  liquefaction,  induced 
landsliding,  flooding  and  subsidence.  The  potential  for  liquefaction  is  not  relevant  for  the 
proposed  landfill  site  because  of  the  relatively  great  depth  to  ground  water  (i.e.,  greater  than 
100  feet),  and  the  dense  nature  of  the  underlying  natural  formations.  The  site  is  far  enough 
from  upland  slopes  to  preclude  the  potential  for  induced  landsliding.  Landfill  slopes  and  cover 
would  be  designed  to  withstand  the  anticipated  acceleration  conditions.  The  site  is  far  enough 
from  the  coast  or  large  inland  bodies  of  water  to  preclude  the  hazards  of  a  tsunami  or  seiche 
(waves),  or  inundation  from  the  breaching  of  an  upgradient  reservoir.  Subsidence  is  not  likely 
to  occur  because  of  relatively  shallow  bedrock  conditions. 
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TABLE   4.1 

SHLEMON  (1993)  SOIL  STRATIGRAPHIC  CRITERIA 
UTILIZED  FOR  TRENCH  LOGGING 

TRENCH  1  -  GENERAL  SOIL  PROFILE  MEASUREMENT  AND  DESCRIPTION  FOR  OLD  ALLUVIUM  SURFACE 

Geomorphic  setting:  middle-level  geomorphic  surface;  medial  segments,  piedmont  alluvial  fans;  moderately  to  strongly-developed 
desert  pavement;  parent  material  mainly  locally-derived  basalt  with  approximately  5  percent  quartz  fragments;  high  albedo. 


HORIZON 

DEPTH 

(feet) 

DESCRIPTION 

Av-Bl 

0.0  to  0.2 

Yellowish  red  (SYR  4/6)  to  light  brown  (7.5YR  6/4)  silty  clay  loam;  weak  moderate  angular  blocky  structure; 
slightly  hard,  firm;  slightly  sticky  and  slightly  plastic;  effervescent;  abrupt  wavy  boundary. 

B2tk 

0.2  -  0.8 

Yellowish  red  (5YR  5/8)  to  yellowish  red  (5YR  5/6)  when  moist;  gravely  silty  clay;  massive  to  weak,  very  fine 
subangular  blocky  structure;  soft,  friable,  slightly  sticky  and  slightly  plastic;  violently  effervescent;  common, 
carbonate  nodules,  rounded  to  0.5  inches  diameter;  few  to  common  clay  films  lining  ped  faces  and  filling  root 
tubules;  very  angular  clasts  to  3  inches  diameter  near  base;  gradual  wavy  boundary. 

B3-C1 

0.8  to  1.4 

Strong  brown  (7.5YR  5/8)  dry  and  moist;  gravely  silty  loam;  massive  structure;  slightly  hard,  friable,  nonsticky  and 
nonplastic;  effervescent;  few  fine  carbonate  nodules;  very  angular  clasts  to  3  inches  diameter  (fanglomerate);  gradual 
wavy  boundary. 

C2 

1.4  to  2.5+ 

Very  angular  gravely  clasts  to  3  inches  diameter;  parent  material;  locally-derived  basaltic  fanglomerate. 

Estimated  soil  age  35,000  to  40,000  years  for  fan  surface;  based  on  presence  of  moderately-developed  argillic  horizon,  presence  of  disseminated  Stage  II 
carbonates  in  Btk  horizon;  parent  material  estimated  age  60,000  to  70.000  years. 

TRENCH  2  -  GENERAL  SOIL  PROFILE  MEASUREMENT  AND  DESCRIPTION  FOR  INTERMEDIATE 
ALLUVIUM  SURFACE 

Geomorphic  setting:  slightly-dissected  fan  surface;  moderately  to  strongly  developed  desert  pavement;  medial  piedmont  fan 
segments;  high  albedo  with  90-95  percent  of  angular  clasts  derived  from  local  basaltic  sources. 


HORIZON 

DEPTH 
(feet) 

DESCRIPTION 

Av 

0.0  to  0.1 

Pale  brown  (10YR  6/3)  silty  clay;  weak,  very  fine  subangular  blocky  structure;  hard,  firm,  slightly  sticky  and  non- 
plastic;  abrupt  wavy  boundary. 

Btjk 

0.1  to  0.4 

Yellowish  red  (5YR  4/6)  silty  clay;  moderate  medium  angular  blocky  structure;  very  hard,  very  firm,  slightly  sticky 
and  slightly  plastic;  effervescent;  very  few,  thin  clay  films  lining  root  tubules;  few  very  fine  disseminated  calcium 
carbonates  throughout  horizon;  approximately  20  percent  fine  angular  gravels;  gradual  wavy  boundary. 

CI 

0.4  to  1.2 

Reddish  yellow  (5YR  6/6)  very  fine  gravely  silty  clay;  massive  structure;  hard,  firm,  nonsticky  and  nonplastic, 
effervescent;  Stage  I  disseminated  carbonate  nodules  throughout  matrix;  abrupt  wavy  boundary. 

C2 

1.2  to  2.2+ 

Parent  material:  very  angular  gravels  to  3  inches  diameter;  primarily  basaltic  fanglomerates,  locally  derived. 

Estimated  soil  age  approximately  8,000  to  1 7,000  years;  based  on  presence  of  incipient  argillic  horizon  (Btjk)  and  moderately-developed,  undissected  desert 
pavement. 
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NOTES: 

Soil  stratigraphic  criteria  developed  by  Shlemon  (1993)  was  used  to  describe  the  soils  exposed  in  the  trenches  and  assign  an  appropriate  age  for  the  upper 
surfaces  of  the  fans.  This  same  criteria  was  used  to  map  the  fan  surfaces  in  the  greater  site  area  as  discussed  in  Section  4.3  of  this  report.  Background 
information  on  how  the  ages  were  determined  are  discussed  in  the  report  by  Shlemon  in  Appendix  A  and  are  not  repeated  here.  The  above  tables  (after 
Shlemon,  1993),  describe  the  soil  horizon  parameters  for  the  intermediate  and  older  fans  surfaces.  Trench  No.  1  was  excavated  across  the  older  fan  surface 
and  Trench  No.  2  was  on  the  intermediate  age  surface. 

For  purposes  of  trench  logging,  four  general  soil  stratigraphic  units  were  identified  for  which  to  establish  continuity  of  beds  along  the  trench  walls.  The 
pedogenic  soils,  as  shown  on  the  trench  logs  (Figures  4.3  and  4.6),  are  confined  to  the  upper  three  layers  designated  as  A,  B  and  C,  as  shown  on  the  logs. 
These  horizons  correspond  to  the  descriptions  given  by  Shlemon  (1993)  for  the  general  A,  B  and  C  pedogenic  soil  horizons.  The  D  stratigraphic  unit 
underlying  the  pedogenic  soil  sequence,  represents  the  parent  material  (a  fanglomerate).  Unit  D  is  further  broken  down  into  five  types  of  fluvial  soils  for 
purposes  of  establishing  continuity  of  layers  and  lenses: 


Dl  -  Sandy  Gravel 
D2  -  Gravelly  Sand 
D3  -  Sand  (generally  coarse  with  some  pea  gravel) 


D4  -  Silty  Sand  (was  not  logged  in  trenches) 

D5  -  Gravelly  Silty  Sand  (25+/-  percent  angular  gravel,  mud  flow) 
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TABLE   6.2 


FAULT  PARAMETERS 


FAULT 

LENGTH 

(Miles)*1) 

FAULT 

TYPE*2) 

SLIP  RATE 

(mm/year)*3) 

RECURRENCE 
INTERVAL 

(years)(3) 

East  Mesa 

11 

N 

7 

7 

East  Highline  Canal 
Lineament 

34 

N(?) 

? 

7 

Imperial/B  rawley 

41 

RV 

8.6 

700 

Brawley  Seismic  Zone 

28 

RV 

7 

7 

Superstition  Mountain/Hills 
San  Jacinto  Fault  Zone 

141 

RL 

1  to  10 

150  to  468 

San  Andreas 

328(4) 

RL 

25  to  34 

140  to  360 

Elsinore 

110 

RL 

4 

694 

(1) 

(2) 
(3) 
(4) 


Jennings,  1992. 

N  -  normal,  RV  -  reverse,  RL  -  right-lateral 

Wesnousky,  1986. 

San  Andreas  Fault  length  includes  the  following  three  segments: 

•  Salton  Sea  to  Cajon  Pass  126  miles 

•  Cajon  Pass  to  Highway  166  106  miles 

•  Highway  166  to  Slack  Canyon  96  miles 

Total  Length    328  miles 


?  -  Indicates  information  not  available. 
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TABLE   6.3 

SIGNIFICANT  HISTORIC  EARTHQUAKES 

IMPERIAL  VALLEY  REGION 

(SINCE    1890) 


FAULT 

DATE 

MAGNITUDE 

Brawley-Imperial 

1892 

6.3 

1940 

6.9 

1979 

6.4 

Superstition  Hills, 
Superstition  Mountain  and 
Coyote  Creek 

1890 

6.3 

1892 

6.3 

1942 

6.5 

1954 

6.2 

1968 

6.5 

1987 

6.2  and  6.6 

San  Andreas  (South) 

1937 

6.0 

1948 

6.5 

Elsinore  (South) 

1892 

6.7 
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NOTES: 
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ALL  SECTIONS  DRAWN  ON  PRE-MINE  DEVELOPMENT  SURFACE 
2.    SEE  PLATE  1  FOR  CROSS  SECTION  LOCATION. 
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NOTES: 

1.  ALL  SECTIONS  DRAWN  ON  PRE-MINE  DEVELOPMENT  SURFACE. 

2.  SEE  PLATE  1  FOR  CROSS  SECTION  LOCATION. 
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NOTES: 

1.  SEE  PLATE  II  FOR  THE  PROFILE  LOCATION. 

2.  VELOCITIES  SHOWN  ARE  IN  FEET  PER  SECOND. 

3.  TOTAL  LINE  LENOTH  6.8  MILES,  INCLUDING  10-3,600  FT.  SPREADS 
WITH  160  FT.  QEOPHONE  SPACING  AND  S-SHOT  POINTS  PER  SPREAD 

SLOPE  INTERCEPT  AND  RECIPROCAL  METHODS  USED  TO  CALCULATE  DEPTHS  OF 
VELOCITY  LAYERS. 

4.  THIS  FAULT  HYPOTHESIZED  BY  ALBERIO  DOES  NOT  HAVE  EXPRESSION 
.IN  OTHER  EXISTING  DATA. 

6.  THI8  AREA  REPRESENTS  THE  ZONE  WHERE  THE  PEDIMENT  ENDS  AND 
THE  ALLUVIUM  THICKENS.  THE  ZONE  MAY  BE  ASSOCIATED  WITH  THE 
EAST-WEST  TRENDING  POSSIBLE  FAULT  DESCRIBED  IN  SECTION  4  3 


(SEE  NOTE  5) 
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FIGURE  4.3 

FAULT  INVESTIGATION 
TRENCH  LOG  NO.  1 


MESQUITE  REGIONAL  LANDFILL 


Trench  No.  1 ,  prior  to  excavtion. 


Trench  No   1,  looking  northeast 
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SELECTED  FAULT  TRENCH 
PHOTOGRAPHS 


MESQUITE  REGIONAL  LANDFILL 


V 


8- 


V. 


V. 
< 


1/ 


V. 


< 


< 


l 


v. 


m 
is 

05 

C/jui 
U-g 

erg 


win 


=i     9. 


UJ 


O  < 
X  cc 
CO  £ 

q| 

UJ    ■* 

<  z 
O  UJ 


5 

o  o 


a  j      <  < 

03  O   (/)   0)   (/) 


<an]j, 


^ 


1- 
UJ 
UJ 


HlSi 


UJ 


< 

UJ 

CD 
O 

<UJ 

'"< 

o 


CM 

0 

UJ 

O 

_1 

00 

I 

■? 

O 

UJ 

z 

> 

UJ 

0 

CL 

z 

h- 

z 
0 

u_ 
O 

UJ 

UJ 
O 

O 

CO 

O 

H 

r> 

CO 

_! 

Ul 

T 

5 

0 

X 

Z 

1- 

CO 

UJ 

a. 

UJ 

CC 

U 

1- 

1- 

^ 

0 

z 

»- 

OJ 

FIGURE  4.6 

FAULT  INVESTIGATION 
TRENCH  LOG  NO.  2 


MESQUITE  REGIONAL  LANDFILL 


Station  400 


Well  developed 
patina 


Trench  No.  2,  looking  eastward.  Note  well  developed  bedding  on  trench 
wall 


••  * , 


'..  i 


-■>%» 


t 


■  ■ 


Vesicular  silt 

Calcic  zone 
(chaotic) 


Parent  material 


•-■\ 


Trench  No.  2,  typical  bioturbation  (krotovina). 


FIGURE  4.7 

SELECTED  FAULT  TRENCH 
PHOTOGRAPHS 


MESQUITE  REGIONAL  LANDFILL 


POSTULATED  SYSTEM  OF  TRANSFORM  FAULTS 
AND  PULL  APART  BASINS 


REFERENCE: 

MODIFIED  AFTER:  ELDERS,  W.A.,  REX,  R.W..  MEIDAU,  T..  ROBINSON,  1972 

CRUST AL  SPREADING  IN  SOUTHERN  CALIFORNIA;  SCIENCE  (1972)  PG.  15-24. 


FIGURE  5.1 


TECTONIC  MODEL  -  SALTON  TROUGH 


MESQUITE  REGIONAL  LANDFILL 


SAN  ANDREAS  FAULT 


33*00 


115'00 


SITE 


BRAWLEY  FAULT 


•      ■         "  UNITED  STATES ! 


MEXICO 


■•         « 


EARTHQUAKE  EPICENTERS  JUNE  1973  -  NOVEMBER  1978 


10 


20  MILES 


APPROXIMATE  SCALE 


REFERENCE: 

MODIFIED  AFTER:  DAMIATA.  PARK,  TIEN-CHAN  LEE.  1986 


FIGURE  5.2 


BRAWLEY  SEISMIC  ZONE 


MESQUITE  REGIONAL  LANDFILL 


116W 


115W 


114W 


LEGEND 

EARTHQUAKE 
MAGNITUDES: 


o 


X 


+ 


NOTE; 

EPICENTERS  SHOWN  OCCURRED  BETWEEN 
1800  AND  1992  WITH  MAGNITUDES  GREATER 
THAN  4.0. 


REFERENCE:  U.S.  GEOLOGICAL  SURVEY.  NATIONAL  EARTHQUAKE 
INFORMATION  CENTER  DATA  TAKEN  FROM  THE 
EARTHQUAKE  DATA  BASE  SYSTEM. 


35N 


34N 


33N 


32N 


40 


80  MILES 


SCALE 


FIGURE  6.1 
HISTORIC  EPICENTER  MAP 


MESQUITE  REGIONAL  LANDFILL 


EXPLANATION- 


age 


GEOLOGIC  UNIT 


'A     GEOLOGIC  CROSS  SECTION 


0         j  HISTORIC  i  DISTURBED  AREA 

Qa       ]  HOLOCENE  (Less  Than  8,000  YBP')  |  ACTIVE  ALLUVIAL  CHANNEL 

I  I 

Oil       ]  HOLOCENE/PLEISTOCENE  |B.00O  lo  17,000  YSP1  ]  INTERMEDIATE  ALLUVIAL  FAN  SURFACE 

I  i 

Olol     I  LATE  PLEISTOCENE  (35.000  lo  40.000  YBP)  I    OLD  AGE  ALLUVIAL  FAN  SURFACE 

Tbc      !  MIOCENE/PLIOCENE  (3.4  lo  11  2  MYBP)  ]  BEAR  CANYON  CONGLOMERATE 

I  i 

be        ]  TERTIARY/MESOZOIC  (Greani  Than  22  MYBP)  ]  UNDIFFERENTIATED  8ASEMENT  ROCK 

1  i     [Melamorphic.  Igneous.  Volcanic) 


FAULT  EXPOSED  ON  NATURAL  GROUND  SURFACE 

(PRE-HOLOCENE  FEATURES) 

FAULT  EXPOSED  IN  MINE  PITS  (PRE-HOLOCENE  FEATURES) 

BURIED  FAULT  TRACES  MAPPED  BY  TOSDAL.  ET  AL.  (1 991 )  BASED  ON 

EXPLORATION  DRILLING  DATA.  MINE  PIT  EXPOSURES  AND 
OETAILED  GEOLOGIC  MAPPING 

POSSIBLE  FAULT  •  SEE  NOTE  1 

GEOLOGIC  CONTACT 

APPROXIMATE  LANDFILL  FOOTPRINT 

MINE  PIT  BOUNDARY 

Ql  LOCATION  OF  SOIL-AGE  TEST  PIT  BY  SHLEMON  (1993) 

•  15  LOCATION  OF  SOIL-AGE  CONFIRMATION  TEST  PITS 

TR-2         i  TRENCH  LOCATION 


1.  THESE  FEATURES  ARE  SURFACE  PROJECTIONS  OF 
ZONES  WHERE  THE  BURIED  BASEMENT  ROCK 
OEEPENS.  THIS  COULD  BE  THE  RESULT  OF 
PRE-HOLOCENE  FAULTING.  OR  EROSION.  OR  BOTH. 


3.   PHOTOGRAPHIC  BASE  MAP  OATED  1982, 


0  2.000                    4.000  FEET 

1  1 1 

APPROXIMATE  SCALE 

PLATE  1 

SITE  GEOLOGIC  MAP 

BASEMAP  REFERENCE  TO  BE  PROVIDED 


ENVIRONMENTAL  SOLUTIONS,  INC. 


BASEMAP  REFERENCE  TO  BE  PROVIDED 


.S£_ 


~ 


ML, 


- 


-T      - 


1 


. 


A  -    /        T?/ 


. 


'•^? 


X    600 
^     \ 

s   \\\   \ 

--JJ) /Jin    | 


GOLD  FIELDS 
WELL  FIELD 


EXPLANATION 


DEPTH  TO  BASEMENT  ROCK  CONTOUR  (FEET) 

PROPOSED  LANDFILL  SITE  BOUNDARY 

S3  BASEMENT  OUTCROP 


PLATE  II 
DEPTH  TO  BASEMENT  ROCK 

ENVIRONMENTAL  SOLUTIONS,  INC. 


PLATE  III 

BOUGUER  GRAVITY  CONTOURS 

ENVIRONMENTAL  SOLUTIONS,  INC 


APPENDIX  A 

A.l    SOIL-GEOMORPHIC  AGE  ASSESSMENTS  OF  PIEDMONT  ALLUVIAL  FANS, 
MESQULTE  REGIONAL  LANDFILL  SITE,  IMPERIAL  COUNTY,  CALIFORNIA 

(SHLEMON,  1993);  AND 


A.2   QUATERNARY  SOIL  -  GEOMORPHIC  RELATIONSHIPS, 
SOUTHEASTERN  MO  J  AVE  DESERT,  CALIFORNIA  AND  ARIZONA 

(ROY  J.  SHLEMON,  1980) 


A.  1  SOIL-GEOMORPHIC  AGE  ASSESSMENTS  OF  PIEDMONT  ALLUVIAL  FANS, 
MESQUITE  REGIONAL  LANDFILL  SITE,  IMPERIAL  COUNTY,  CALIFORNIA 

(SHLEMON,  1993);  AND 


ROY  J.  SHLEMON&  ASSOC,  INC. 
Geological  and  Environmental  Consultants 

Post  Office  Box  3066  Quaternary  Geology 

Newport  Beach,  California  Economic  Qeomorphology 

92659-0620         USA  Soil  Stratigraphy 

Tel:    (714)675-2696  -  Geoarchaeology 

Fax:    (714)675-5088 


APPENDIX  REPORT 


SOIL-GEOMORPHIC  AGE  ASSESSMENTS  OF  PIEDMONT  ALLUVIAL  FANS, 

MESQUITE  REGIONAL  LANDFILL  SITE, 

IMPERIAL  COUNTY,  CALIFORNIA 


by 
Roy  J.  Shlemon 


for 
Environmental  Solutions,  Inc 


January  1993 


A.l-1 


CONTENTS 


Page 

INTRODUCTION 1 

SOIL-GEOMORPHIC  BACKGROUND 2 

MESQUITE  AREA  LANDFORMS  AND  SOILS  4 

Soil  Pit  1  .  .  . 4 

Soil  Pit  2 5 

SUMMARY  AND  CONCLUSIONS  6 

REFERENCES  CITED 7 

Table  1  (Soil  Profile  Measurement  and  Description,  TP  1  .  9 

Table  2  (Soil  Profile  Measurement  and  Description,  TP  2  .  10 


A.  1-2 


ROY  J.  SHLEMON&  ASSOC,  INC. 
Geological  and  Environmental  Consultants 

Post  Office  Box  3066  Quaternary  Geology 

Newport  Beach,  California  Economic  Geomorphology 

92659-0620         USA  Soil  Stratigraphy 

Tel:    (714)675-2696  Geoarchaeology 
Fax:    (714)675-5088 
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IMPERIAL  COUNTY,  CALIFORNIA 


INTRODUCTION 

This  report  briefly  summarizes  the  results  of  a  soil- 
geomorphic  reconnaissance  assessment  to  determine  the  age  of  two 
regional  landforms  at  and  near  the  proposed  Mesguite  Landfill  site 
in  Imperial  County,  California.  The  reconnaissance  was  carried  out 
on  22  December  1992,  and  entailed  aerial  overview,  ground 
observation,  and  general  measurement  of  soil  profiles  described 
from  two  backhoe  pits,  informally  designated  "Pits  1  and  2," 
respectively. 

General  location  and  geologic  maps,  as  well  as  the  site  of  the 
two  soil  pits,  are  given  in  an  accompanying  document  "Fault  and 
Seismicity  in  the  Vicinity  of  the  Mesquite  Regional  Landfill" 
prepared  by  Environmental  Solutions,  Inc.  (ESI).  The  conclusions 
of  this  assessment  were  previously  reviewed  with  ESI  consultants, 
but  are  here  restated  as  more  formal  documentation.  Logistical 
support  and  technical  discussions  were  kindly  provided  by 
Consulting  Engineering  Geologist,  M.  Payne. 
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SOIL-GEOMORPHIC  BACKGROUND 

The  approximate  age  of  many  desert  landforms  and  underlying 
sediments  are  readily  deduced  by  assessing  the  relative  development 
of  soil  ( pedogenic )  profiles.  The  technique  is  increasingly  used 
in  the  Mojave  and  Sonoran  Deserts  of  California  in  order  to  assess 
fault  activity,  to  determine  the  relative  stability  of  geomorphic 
surfaces,  and  to  reconstruct  Quaternary  paleo-environments  (see, 
for  example,  summaries  and  case  studies  in  Cooke  and  Warren,  1973; 
Shlemon,  1978,  1985;  Christenson  and  Purcell,  1985;  Machette,  1985; 
Ponti,  1985;  and  McFadden,  1988). 

Four  principal  pedogenic  characteristics  typify  increasingly 
older  suites  of  desert  soils:  (1)  relative  development  of  desert 
pavement  and  clast  patina;  (2)  presence  and  increasing  thickness  of 
a  vesicular  horizon  (Av);  (3)  the  thickness,  reddening  and 
abundance  of  illuvial  clay  films  in  argillic  horizons;  and  (4)  the 
number,  depth  and  relative  morphology  of  carbonate  rinds  and 
nodules  in  calcic  horizons. 

In  general,  middle  and  late  Holocene  geomorphic  surfaces 
( f loodplains,  low  fluvial  terraces  and  distal  fans)  are  still 
active,  characterized  by  on-going  sedimentation,  the  local  presence 
of  bar  and  channel  morphology,  and  undeveloped  (A/C)  soil  profiles 
( Entisols ) .  In  contrast,  early  Holocene  and  middle  to  late 
Pleistocene  surfaces,  particularly  piedmont  fans,  are  typified  by 
moderately-  to  well-developed  desert  pavement  and  patina,  by 
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vesicular  and  argillic  horizons,  and  often  by  multiple  calcic 
horizons  ( Haplargids )  .  Pre-middle  Pleistocene  face  surfaces  are 
often  "cut  off"  from  adjacent  mountain  fronts,  are  several  to  tens 
of  feet  above  modern  floodplains,  are  normally  characterized  by 
strongly-development  pavement  and  high  reflectance  ( albedo ) ,  and 
are  replete  with  thick,  strongly-developed  argillic  and  multiple 
calcic  horizons  ( Paleargids ) .  Freguently,  calcic  horizon  depth 
reaches  several  feet  on  old  fan  surfaces,  far  below  the  modern 
carbonate  wetting  front.  Such  carbonate  depths  often  indicate  that 
the  soils,  and  hence  the  geomorphic  surface  on  which  they  are 
forming,  have  been  subject  to  one  or  more  pluvial  environments  of 
the  past  (Arkley,  1963;  Shlemon,  1978;  McFadden  and  Tinsley,  1985). 
Further,  in  addition  to  reflecting  the  passage  of  time  and  the 
impact  of  climate  and  vegetation  change,  desert  landforms  and  soils 
are  influenced  by  eolian  dust  influx,  and  by  the  grain  size  and 
lithology  of  sediment  parent  material.  Granitic  rocks,  for 
example,  usually  weather  to  gruss,  and  thus  produce  only  weak 
desert  pavement.  In  contrast,  metamorphic,  basaltic  and  other 
mafic-rich  rocks  give  rise  to  moderately-  to  strongly-developed 
pavements  and  patina  in  a  relatively  short  time,  typical  of  those 
in  the  Mesquite  Landfill  area.  Of  importance,  too,  is  that  soil 
profiles  date  the  relative  stability  of  geomorphic  surfaces,  and 
thus  inherently  provide  a  minimum  age  for  the  underlying  sediments 
( parent  material ) . 
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MESQUITE  AREA  LANDFORMS  AND  SOILS 
Soil  Pit  1 

Soil  Pit  1  was  emplaced  across  a  medial  segment  of  a  middle- 
level  geomorphic  piedmont  fan  surface,  adjacent  to  a  previously- 
excavated  Trench  (ESI,  this  volume).  The  fan  sediments  are  mainly 
derived  from  adjacent  bedrock  outliers  of  meta-igneous  and  basaltic 
rocks.  As  a  result,  the  Soil  Pit  1  fan  bears  a  moderately-  to 
strongly-developed  desert  pavement. 

More  illustrative  of  relative  soil  age  is  the  presence  of  an 
approximately  2-in  thick  vesicular  horizon  ( Av )  and  underlying 
calcareous  argillic  horizons  (B2tk;  Table  1).  The  argillic  horizon 
is  yellowish  red,  and  bears  few  to  common  illuvial  clay  films  on 
subangular  blocky  ped  faces.  A  few  fine  carbonate  nodules  occur  to 
depths  of  about  1.4  ft,  well  below  the  present  depth  of  carbonate 
leaching,  thus  indicating  that  the  Pit  1  surface  has  been  subject 
to  at  least  one  previous  soil  "pluvial"  epoch.  The  calcic  horizon 
morphology,  combined  with  the  presence  of  the  moderately-developed 
argillic  horizon,  suggest  that  the  Pit  1  soil  has  probably  been 
forming  for  about  the  last  35,000  to  40,000  years,  likely  initiated 
during  a  time  of  relative  landscape  stability  associated  with  stage 
3  of  the  marine  oxygen-isotope  chronology  ( Shackleton  and  Opdyke, 
1976;  Shlemon,  1985).  The  underlying  angular  gravelly  parent 
material  is  inherently  older,  perhaps  laid  down,  at  a  minimum, 
about  60,000  to  70,000  yrs  ago  (isotope  stage  4). 
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Soil  Pit  2 

Soil  Pit  21  was  sited  adjacent  to  a  geologically-logged  trench 
(ESI,  this  volume)  on  a  slightly-dissected  alluvial  fan  surface. 
The  desert  pavement  is  moderately-developed  with  most  clasts 
derived  from  outcrops  of  adjacent  basaltic  bedrock. 

Only  a  1-inch  thick  vesicular  horizon  ( Av )  underlies  the 
desert  pavement  in  this  soil.  The  argillic  horizon  is  also 
incipient  (Btjk),  relatively  thin  and  typified  by  a  few,  thin  clay 
films  lining  root  tubules  (Table  2).  In  contrast  to  Soil  1,  only 
one  calcic  horizon  is  apparent,  superimposed  on  the  argillic 
horizon.  Some  disseminated  carbonates  do  occur  in  the  upper  parent 
material  (CI  horizon),  suggesting  that  the  soil  was  possibly 
subject  to  a  former  more  "pluvial"  environment,  possibly  in  latest 
Pleistocene  or  early  Holocene  time. 

Geomorphically,  the  Soil  2  surface  lies  but  a  few  feet  above 
adjacent  bar  and  channel  deposits,  suggesting  that  portions  of  this 
surface  have  or  are  being  subject  to  long-recurrence  overtopping. 
In  general,  the  presence  of  an  incipient  calcareous  argillic 
horizon  (Btjk),  and  the  lack  of  clear  multiple  calcic  horizons 
indicate  that  the  Pit  2  soil  may  be  as  young  as  about  8,000  years 
old.  However,  the  weak  disseminated  carbonates  in  the  upper  parent 
material  suggest  that  perhaps  the  soil  began  forming  as  much  as 
about  17,000  years  ago.  Carbonates  are  still  being  added  to  the 
soil  profile,  ostensibly  by  influx  of  eolian  dust.   Accordingly,  in 
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view  of  profile  characteristics  observed  in  Soil  Pit  2,  the  age  of 
the  soil  --  and  hence  a  minimum  age  for  the  underlying 
fanglomerate  --  is  judged  to  be  about  8,000  to  17,000  years  old, 
likely  no  older  than  stage  2  of  the  oxygen- isotope  stage 
chronology.  However,  more  definitive  assessments  may  well  be 
obtained  by  possible  additional  and  more  detailed  soil  profile 
measurements  and  descriptions  taken  elsewhere  on  the  Soil  Pit  2 
surface. 

SUMMARY  AND  CONCLUSIONS 

The  relative  age  of  two  regional  piedmont  alluvial  fans  in  the 
Mesquite  Landfill  area  is  assessed  by  geomorphic  and  relative  soil 
profile  development.  Soil  Pit  1  exposes  a  moderately-developed 
profile,  replete  with  vesicular,  argillic  and  multiple  calcic 
horizons.  Such  profiles  have  likely  been  subject  to  at  least  one 
former  soil  pluvial  epoch.  Accordingly,  the  Pit  1  soil  likely 
began  forming  during  a  time  of  relative  landscape  stability 
(isotope  stage  3)  about  35,000  to  40,000  years  ago. 

In  contrast,  the  Pit  2  soil  is  less  well  developed.  Only  a 
thin  vesicular  and  incipient  argillic  horizon  are  present.  Some 
carbonates  occur  in  the  upper  parent  material,  but  are  too 
disseminated  to  constitute  a  separate  calcic  horizon  indicative  of 
former  soil  pluvial  conditions  and  hence  soil  antiquity.  The  Pit 
2  soil  is  therefore  judged  to  be  about  8,000  to  17,000  years  old. 


A.l-8 


REFERENCES  CITED 


Arkley,  R.  J.,  1963,  Calculation  of  carbonate  and  water  movement 
from  soil  climatic  data:  Soil  Science,  v.  96,  no.  4,  p.  239- 
248. 

Christensom,  G.  E.,  and  Purcell,  C.  ,  1985,  Correlation  and  age  of 
Quaternary  alluvial -fan  sequences,  Basin  and  Range  province, 
southwestern  United  States:  in  Weide,  D.  E.  ( ed . ) ,  Soils  and 
Quaternary  geology  of  the  southwestern  United  States:  Geol . 
Society  America  Special  Paper  203,  p.  115-122. 

Cooke,  R.  U. ,  and  Warren,  A.,  1973,  Geomorphology  in  deserts: 
Berkeley,  Calif.,  Univ.  California  Press,  374  p. 

Machette,  M.  N.  ,  1985,  Calcic  soils  of  the  southwestern  United 
States:  in  Weide,  D.  E.  (ed.  ),  Soils  and  Quaternary  geology  of 
the  southwestern  United  States:  Geol.  Society  America  Special 
Paper  203,  p.  115-122. 

McFadden,  L.  D. ,  1988,  Climatic  influences  on  rates  and  processes 
of  soil  development  in  Quaternary  deposits  of  southern 
California:  in  Reinhardt,  J.  and  Sigleo,  W.  R.  (eds.), 
Paleosols  and  weathering  through  geologic  time:  principles  and 
applications:  Geol.  Society  America  Special  Paper  216,  p.  153- 
177. 

,  and  Tinsley,  J.  C.  ,  1985,  Rate  and  depth  of  pedogenic- 

carbonate  accumulation  in  soils:  formation  and  testing  of  a 
compartment  model:  in  Weide,  D.  L. ,  (ed.),  Soils  and 
Quaternary  geology  of  the  southwestern  United  States:  Geol. 
Society  America  Special  Paper  203,  p.  23-42. 

Ponti,  D.  J.,  1985,  The  Quaternary  alluvial  sequence  of  the 
Antelope  Valley,  California:  in  Weide,  D.  L.  (ed. ),  Soils  and 
Quaternary  geology  of  the  southwestern  United  States:  Geol. 
Society  America  Special  Paper  203,  p.  79-96. 

Shackleton,  N.  J.,  and  Opdyke,  N.  D.  ,  1976,  Oxygen-isotope  and 
paleomagnetic  stratigraphy,  Pacific  core  V28-239,  late 
Pliocene  to  latest  Pleistocene:  Geol.  Society  America  Memoir 
145,  p.  449-464. 


A.l-9 


REFERENCES  CITED  (continued) 


Shlemon,  R.  J.,  1978,  Quaternary  soil-geomorphic  relationships, 
southeastern  Mojave  Desert,  California  and  Arizona:  in 
Mahaney,  W.  E.  (ed.),  Quaternary  soil:  GeoAbstracts,  Ltd., 
Univ.  of  East  Anglia,  Norwich,  England,  p.  187-207. 

,   1985,   Application  of  soil-stratigraphic   techniques   to 

engineering  geology:  Bulletin,  Assoc.  Engineering  Geologists, 
v.  XXII,  no.  2,  p.  129-142. 


A.l-10 


u 

EH 


H 
PU 

EH 

CO 
w 
Eh 


Z 

O 
H 

Eh 

py 

H 

(X 

o 

a 
Q 


EH 

z 
w 
s 
w 
tf 

D 

CO 

rf 

H 

a 

w 

H 

o 

ft 

H 
O 
CQ 


W 

w 
o 


< 

2 
O 
H 

a 

w 
(X 

w 

Eh 
H 
D 
O 
CQ 
W 


03  >, 

•<H  rH 

>  <-< 

P  03 

rH  O 

rH  O 

(0  rH 

+J  >1 

C   ^H 

o  c 
g  -h 
ts  n)    * 
0)   g   o 
-H         T3 

-2d 
a  u  " 

i-g-S1 


n3 
H 

0) 

e 


n3 
Jh 
1W 


c 
(1) 
g 

> 


N 
4-J 
Jh 

03 


JH 

o 
e 
o 


4-> 
C 
0) 
O 

u 

a) 
a 

Q) 
> 

•H 
<W 

>l 

iH 
<D 
4-J 

t0 

g 

H 

X 

o 

03 

Cn^  4J 
■h  >i  j 


Cn  O 

(D    > 
>r£ 

2  n 

38 


4-J 
4-> 

cu 
co 

u 

•H 

jh 
o 

g 
o 
cu 


03 
(/] 

03 
X! 

-1} 
> 

■H 
JH 

0) 


O  <H  T5 


4-J 

>1 

a 

M    •- 

5-1 

a 

•-   U    0          CO 

1     03 

c 

>i         Jn 

4-)    0  -H    0    CU 

C  ^ 

•H 

03      -X! 

LO   rH   4-1   4-1    U 

o  a 

rH  T3    03 

•H  X!    CO          03 

•-C    tP 

CO 

0      Jh 

O          03  T3  'w 

6         C 

(1) 

03    — 

6      >H    rH     CU               CO 

03  T!    03 

4-1 

>i£  4-> 

03    0,13  T3    CU 

O    C          >. 

4-1 

03 

4->          C 

C   rH            C     C)£ 

rH     03     >l    > 

C 

c 

H    >id) 

cu  p  >i  3  a  o 

Jh    03 

CU 

i-i    0 

•H   rH     O 

£    C^rH    o           c 

>i  >i  CU    5 

Jh 

O  X 

01+J1I1 

5     C   4-1    U     OVH 

4-)  a:  > 

03 

Jh 

XI    CU 

03  x:      c 

rH     O            <-< 

Q, 

CU    03 

—  Cn  > 

--sXl  cr>    ^-h  n 

•H  -H    •»    03 

0    0 

^D    D  -H    CO    C 

CO  4->    CO    P 

•  - 

C 

\>-i    0) 

\  CO  rH    Q)  -H    0 

CO    CU  T3 

Jh 

0)   M 

VD    CO  <W 

IT)             CO   rH   rH   4-> 

>1    1     rH     03 

<D    CU 

CO   M 

IM 

0)         P 

rH    C    P    Jh 

4->  4-) 

CU 

«  -  <D 

«    C  T5  t?    CO    CO 

a)  o  T3  Cn 

<D    03 

Jh    CU 

>*    CU 

>h  -H    C    0    6  4-> 

>   C   0 

g    Jh 

a  tT> 

in  s-i  •* 

ID   <4H    03    C  rH    CO 

03         C   •» 

03    CU 

03 

•   P   0 

•—             -h  «a 

Jh     -       — 

•H    g 

C  4-J 

r^  4->  -h 

>1   >i   O   <4H   rH     >, 

CT>  <1)    CU    <D 

T3    O 

0  CO 

w   0    +J 

T3    )H  ^  4->          O    >H 

rH  4->  4-> 

rH 

CO 

p   CO 

<D    CU    0    03    >i        03 

-  Xt    03    03 

co  cn 

TS  T3    U 

55 
O 
H 
EH 

CH 

H 

a 
o 

CQ 
H 

a 

C   U    03 

U    >  -H    C    03    >H  T3 

4->    03    C    Jh 

cu  c 

CU    <D    03 

^4JH 

4->    O  rH    03    C 

CO  -rH    O    0) 

X!    03 

CO  4->    CU 

o  co  a 

XI     -  CO  XI    O  rH   p 

-H   Jh  XI    g 

U    4-H 

03    03    >i 

JH 

W  Ai         >H         P    0 

O  <4H   Jh   O 

c 

XJ.  c 

Si  >i>t 

•H   03   >,  03   C   CT  X! 

g          03  <H 

•H    O 

•H  O 

^    rH 

5    CU  rH    O    O    C 

-  O  Cr> 

•H 

•-go 

4->    O  4-J 

O    5  4->         |   03   >i 

TS  -O        C 

n  4-> 

CU   CU  o 

£   0  X! 

rH       XJ    -  e        > 

C   Jh   CU    03 

rH 

u  to    - 

CT>rH     tP 

H   O   t?C  O   >iifl 
0)  4->  -H    O    U    U    S 

fd    03    C  <4H 

0    03 

03    tO  O 

•H  X!  -H 

XJ  -H  —- 

4-J    CO 

<+h  -h  r- 

rH             rH 

>1        rH    e          o 

>1         <+H 

03 

Jh  TS 

U      CO 

o  co  e  o  >  rH 

Jh   >i        Jh 

CO  X! 

p       1 

0    03 

0   >         0  4-)         03 

■oh  s  a 

4-> 

tO   <4H 

4->   rH   T3 

4J  -H     -  0          •-  P 

4->    CU  4-J 

CO  T3 

o  o 

P  c 

co  cu       >  co  x3 

~x:  mh  cu 

03    CD 

C        O 

^  Cr>  03 

^.  oi  h  ••»  a>  a)  «j 

co   Cn        g 

r~<      > 

03    CU  O 

vo    c 

CO     03    X    4->    ^    rH     >-l 

\-H    —   03 

O  -H 

4H    O      - 

\  03    >i 

\  e    03    C          P    CT> 

in  rH  4->  -H 

Jh 

c  o 

*•        X 

in      -h  cu  •-  xi 

co  c  n 

>i  CU 

Jh   CU  vo 

CU    0 

•-    >H    O    U    P    - 

(X         CU 

<-i  TD 

0    CO 

P5  4->  -H 

«    >i«w    CO    CU  4->    CU 

>H     -    O     CO 

CU 

<4H    <D    (1) 

>h    03  4-> 

>h    03          CU  4->          CO 

in  a)  co  a) 

>  >1 

Jh   Cn 

m  Jh  co 

in  rH    ^  p>  a)  4->  o3 
>-  o  4->  jh  e  o  X! 

•  Jh  <u  x: 

03    r-i 

CO    O,  03 

w    QJ 

r»  p  >  o 

—  4-J   Jh   C 

u  >-\ 

Jh 

T3    >l 

UH   CU   03   O 

Cn  03 

03     -T3 

T3     0    rH     >, 

T3    >i  O  <W  -H    Jh   }-i 

O    CU  -H 

U 

CU    C   <D 

cu  e  4->  >h 

CU  4-1    CO  <W  T3          03 

C  P  <w 

Jh    O 

>i  O  4-J 

JH           £03 

U  r-i           0)           t7i  CU 

5   Jh  <w  n 

03    r-{ 

N    03 

.*   CnTJ 

•H    •-         W    C    C 

O  4-J   0) 

r-i 

O  -H    g 

X;    (fl-H    C 

x:  co  a)  >i  a)  -h 

Jh   CO         O 

P      •* 

O   Jh  -H 

CO     0)    rH     3 

W           >H  rH  £J  rH    >H 

XI        •*+>  >i 

Cn  rH 

O    O  4-> 

HMO 

•H    >i  P  4->    O  rH    Q) 

CU   O         Jh 

C    03 

-X!    CO 

5              £ 

5  rH  4->    C    C  -H  4-> 

Cn  >  -h  co   03 

03  -H 

O          CU 

0   •»     - 

O    CU    O    0)  -H  <4H    CU 

C  -H  4-J  4-J  TS 

Jh 

^    U 

>-<  g  e  >i 

rH     >     P    rH                      g 

o  to  to  CO  C 

>.  CU 

•H  rH 

rH     03     M     > 

rH    03    >H    O    in   T3    03 

Jh    tO    03    03    p 

Jh  4-> 

1      rH     03 

O    O-H    (0 

CU    >H  4->  -H      •    C  -H 

4-J     03   rH  rH    O 

CU    03 

r-i  -H 

><H<M    5 

>i    Cn  CO    >  O    03  T3 

CO  g  a  0  XI 

>    g 

O  -H   Jh 
o  cn  a) 
O   Jh  4-> 

-  03   03 

4J 

CM 

CO 

•^ 

+ 
in 

in       g 

O 
i 

O 
i 

■ 

CN 

<D  4-> 

a)  a  c 

w 

i 

o 

i 

i 

CO 

l 

cn  o  cu 

EH 

•<r 

03    rH     J-l 

PM 

W 

o 

o 

o 

rH 

CU    03 

rH  >  a 

Q 

•H    CU 
0  T3    - 

to    1    C 

>i  0 

55 
O 

T)    rH     N 

(U    CU  -H 

4->  4-J    Jh 

H 

03    03    0 

o 

■H 

r-{ 

g   Jh  £ 

CQ 

X 

O 

•H    0) 

1 

4-> 

1 

4-J  T3   A< 

> 

CM 

n 

OJ 

CO    0  4-J 

1 « 

DQ 

CQ 

U 

W   g  PQ 

A.l-11 


w 
a 


CM 

EH 
H 
PU 

CO 

W 
En 


Z 

o 

H 
Eh 
CM 
H 
Pi 
O 
CO 

w 

Q 

Q 
S5 

Eh 
Z 
W 
S 
W 
Pi 

CO 

w 
w 

H 

Ph 
O 
Pi 

P< 

►■3 
H 
O 
CO 


s 

w 

z 
w 
o 


w 

Eh 
H 

CO 

H 
P 


►J 
< 

Z 
o 

H 

o 

w 

PS 

w 

Eh 
H 

o 

CO 

w 


4-1    CO 

U   4-> 

CU    CO 

CO    03 

CU  H 

T3    O 

"8  n 

w  m 

^^ 

y  -, 

m   cr> 

£  c 

s* 

TJ  „_, 

>iO 

r-i 

tn4-> 

c  c 

o  cu 

u  o 

4->     >H 

CO   cu 

a 

0 

-P    LO 

><? 

H  o 
cu  ~ 

4J  CT> 

<0     r* 

liJ+i 

O    5 

e  ~ 

0 

-T3 

CU    CU 

0  X! 

03  i-l 

4-1    03 

u 

3  XJ 

co  cr« 

«  -h 

03 

4-1 

T)    CO 

0)  -H 

0  g 

w  £ 

CO   cu 

•H    CO 

10  ,- 

1  c 

>1  (0 

• 

CO 
0) 

o 

5-1 

a 
o 

CO 

rH  4-1 
4-> 

o 

•H 

£  -P 

P 
r-H 

tn  C 

•H    O 

m 

h  e 

'0 

CO  13 

01 

CU 
•H 

XI 

C^ 

H 

c 

03 

■h  d 

O 

4->    5 

o 

H 

rn  g 

E 

E 

O 

O 

>H 

•H    •» 

4-1 

£  4-> 

a  c  -a 

5h  cu 

QJ 

o  e 

> 

e  cu 

•H 

o  > 

5-1 

CU    03 

CU 

O    D.T3 

tn 

•-  4-> 

#  ^ 

C 

4-1  a, 

5h 

•  - 

■H 

cu  c  3 

CU 

u 

c 

>    CU    5h 

4-> 

4-1 

5H    -H 

•H 

•H    O   X 

CU 

c 

03  4-> 

5-1  T3  H    CO 

CO    CO    03 

E 

cu 

rH    CO 

to  C        CU 

co  cu 

03 

•H 

3   03 

rH    03    CO    4->    5-1 

03    >    •- 

•H 

a 

tn  rH 

3          E    03    03 

E    5h    X 

t3 

•H 

C    CU 

tP    >irl      C    i— I 

CU  -H 

O 

03     1 

C  ^  -H    O    3 

—  4-i    5h 

CO 

c 

X!    C 

03   U  4-1  Xi   cn 

>i4H  4-1 

cu 

•H  4-> 

3    O 

•H          5H    C 

03    CU    03 

X3 

C 

CO    C 

E  4->    >i  03    03 

<-{         E 

O 

4-1    CU 

3    CO    03    O 

O     - 

C 

0  E 

CU  T5 

•H          rH            CU 

0  4-1 

•H  TS 

CU 

c  c 

n  >i  o  e  c 

>i-H    3 

CU 

0  > 

•H   03 

CU   rH            3  -H 

4->  4->    O 

CU    > 

O    03 

4-1 

6  4->    C  -H  4-1 

rH  co  x: 

CU  -H 

C    (^ 

>i 

J^  -H    O 

•h  03  tn 

5h    5-1 

a) 

>iM 

CU    tP  J3  r-i  4-> 

CO   rH     3 

X!    0) 

CO  4-> 

u  o 

4->  -H  4->    03    C 

cu  0 

4->  TS 

CU    ^4 

CU  -H 

03  rH            U    CU 

>i  1     5h 

5h   CU 

>  4-> 

5h    CO      -         O 

rn  c  x: 

0    >i 

a  co 

CO 

CU          5  T3    5h 

CU    0  4-1 

4-1  <-{ 

cu 

«. 

-d     -  CU   CU    CU 

>  c 

r-i 

c  T3 

z 

O 
H 

EH 

PW 
H 

Pi 
O 

CO 

w 
a 

X   >i 

o  e  **■*  -p  a 

03          CO 

CO    03 

0 

03  rH 

E   ft        <0 

5h  T3    CU 

r-{     0 

TS 

CU  4-) 

•H    >i  C  O 

tJ>  C  <-{ 

CU    0 

n  cu 

5  £ 

•  »  4-1    5h  -H  <n 

03    3 

>   rH 

0)  -P 

tn 

>i       cu  E 

d)        T3 

03 

w  0 

•  *-H 

03    >i  >    CU    >i 

C    >i  O 

Jh     - 

03    CU 

>irH 

rH     5-1            CO   rH 

•H  ^    C 

tn  co 

X!    CO 

03    CO 

O    CU    -   CO    0) 

4-1    0 

cu 

CO 

r-i 

>  4J  -H  4-> 

>l 

•H    CU 

r4    4-> 

•-•H 

0     - 

>i         C  T3    03 

5h 

>i4->  4-> 

03    03 

CO  TJ 

g 

4-1      -  CU          E 

03 

5h    CO    03 

r-i      U 

5h    C 

>i  C 

rH  T3    O    CU  -H 

T3 

CU    1     C 

3    CU 

03    3 

4J  -H 

•H    5H    CO    C    X 

c 

>    3    O 

tn  E 

cu 

rH  4-1 

CO    03    CU  -H    O 

3 

O  Xt 

c  0 

>1  - 

•H 

XJ    >  <H    5h 

O 

■^  C    5h 

03    r-i 

T3 

CO      » 

—        5h         Q4X 

vo         03 

tn 

0   CU 

TS 

co  >i  cu  >i  a 

\    -  0 

>i  c 

0  a 

—  >H 

\  5h  4h   U   03 

>i 

VO    g 

5h    03 

0  0 

m   03 

>1 

^    CU  4H    CU 

> 

C  TS 

CU  4-1 

^rH 

\Xi 

5h 

>    CU    >    - 

03 

Cd  -H    0) 

> 

r»  cu 

VD 

03 

rt             c 

5 

X  4-1  4J 

O 

rH     > 

•  - 

n 

X  •"•-»>  0 

m       03 

•rH 

CU 

Pi    CU 

c 

en  cu  u  cu  n 

rH 

—   -  c 

..  4J 

1    T3 

xu 

a 

^  5^4  -H  4H  -H 

03 

TD  -H 

r-i    r-i 

1 

O   3 

0 

3  4->          }H 

3 

5    5h   E 

03      03 

0  >, 

H  4-> 

X 

T3  4-1    CO    •-   O 

T3 

0    03    0)    >i 

•H    CO 

O    r-i 

w  o 

CU    O    03    CO  X! 

03 

rH  X!    CO    5h 

5-1    03 

O     CU 

3 

>1 

5h    3  rH    CU 

5h 

r-i           W    03 

CU  XJ 

--P 

C     5H 

> 

^4     Q*r-{    4-> 

tn 

CU    •»-H  73 

-P 

co   03 

S  4-> 

03 

XJ  4-1          3    3 

>i  cu  t>  c 

03   >i 

U 

O    CO 

> 

CO    CO    >iX    0 

••. 

U         3 

E    rH 

>i  cu 

5-1 

•H        rH   3  x: 

CO 

x:  3  h  0 

•rH 

r-i    T5 

XI    >i4-> 

5    >,4J  4->    CT>rH 

CO  +J        X 

-P      r4 

CU    0 

X 

Si 

0  ^  X5          3 

cu 

•HOC) 

C    03 

■P   E 

CU    U 

3 

rH    O    CP4-1    O 

> 

T3  3  tn  >i 

CU    E 

03 

r-i    O 

5-1 

rH    O  -H    O    5h 

03 

T3    >H    03    > 

5h  -h 

E  T3 

03  rH  X! 

CU    rH    rH     O    X! 

5h 

CU  4J  4-»    03 

03     J-4 

•H   C 

CU  X) 

03 

X  XI    CO    5H  4-1 

tn 

05    CO  CO    5 

cu  a 

X  03 
0 

5h  -^ 

«-» 

a^ 

4J 

4-1 

rH 

■<r 

CN 

+ 

CM 

03  4-1 

*"' 

O 
■ 

0 

rH 
1 

CM 

CQ 

cu  ^ 

K 
EH 

1 

o 

r-i 

1 

-3* 

1 

CM 

tn 

03    C 

o 

0 

O 

r-i 

0 

rH    N 

Q 

•H  -H 
0  Jh 
CO   0 

XJ 

Z 

o 

ESI 

TJ 

CU  0 
4->  -H 

03    rH 

H 
Pi 

o 

X 

X 

E  ^i 

•rH   -H 

•1—1 

-P    CT 

> 

4J 

r-( 

CM 

CO   5h 

< 

CQ 

U 

U 

W   03 

—  Kl 

O  u-i 
00  «- 


A.l-12 


A.2  QUATERNARY  SOIL  -  GEOM ORPHIC  RELATIONSHIPS, 
SOUTHEASTERN  MO  J  AVE  DESERT,  CALIFORNIA  AND  ARIZONA 

(ROY  J.  SHLEMON,  1980) 


QUATERNARY  SOIL  -  GEOMORPHIC  RELATIONSHIPS,  SOUTHEASTERN 
MOJAVE  DESERT,  CALIFORNIA  AND  ARIZONA 

Roy  J.  Shlemon 
P.O.  Box  3066  Newport  Beach,  CA  92663 


INTRODUCTION 

The  geological  literature  abounds  with  studies  of  landform  evolution  and  geo- 
morphic  processes  operative  in  warm  deserts.   This  is  particularly  true  for  the 
Mojave  Desert  of  southeastern  California  and  western  Arizona  (Cooke  and  Warren, 
1973).   Unfortunately,  however,  the  absolute  ages  of  most  desert  landforms  remain 
enigmatic,  for  few  deposits  older  than  about  Holocene  age  are  susceptible  to  dating 
by  radiocarbon  or  other  radiometric  techniques.   Thus  most  landforms  and  underlying 
sediments  by  necessity  are  usually  deemed  "early,"  "middle,"  or  "late"  Pleistocene 
in  age. 

With  few  exceptions,  the  age  of  desert  soils  is  similarly  unknown.   In  general, 
most  profiles  are  Aridisols,  some  certainly  developing  under  environments  of  the 
past,  as  indicated  by  relative  profile  development  and  certain  morphological 
characteristics,  but  their  geological  age  is  yet  speculative. 

Most  information  about  desert  profiles  in  the  southwestern  United  States  has 
come  mainly  from  the  pioneering  soil-geomorphic  studies  in  southern  New  Mexico, 
primarily  by  Ruhe  (1967) ,  Gile  (1966,  1968,  1974) ,  Gile  and  Hawley  (1966,  1968) , 
Gile  et  al.  (1965,  1966,  1970)  and  Smith  and  Buol  (1968).   For  the  Mojave  Desert 
in  general,  desert  soil  morphology  was  described  early  by  Nikiforoff  (1937),  and 
Buol  and  Yessilsoy  (1964) ;  and  most  recently,  as  related  to  Quaternary  investi- 
gations in  Nevada  and  Arizona,  by  Nettleton  et  al.  (1975). 

Unfortunately,  few  data  have  been  available  to  assess  the  age  of  alluvial  landforms 
and  related  soils  for  that  portion  of  the  southeastern  Mojave  Desert,  California 
and  Arizona  bordering  the  lower  Colorado  River  between,  approximately,  the 
Whipple  Mountains  on  the  north  and  Yuma,  Arizona,  on  the  south  (Figure  1).   Now, 
however,  recent  investigations  for  nuclear  power  plant  siting  have  shed  much 
light  on  desert  soil-geomorphic  relationships.   These  studies,  following 
requirements  of  the  Nuclear  Regulatory  Commission  (NRC),  have  sought  to  date 


*This  paper  is  modified  from  Quaternary  Soils  (  W'.  C.  Mahaney,  ed.),  Geo  Abstracts, 
Pub.,  University  of  East  Anglia,  Norwich,  England,  p.  187-207.   The  original 
abstract,  several  illustrations  and  reference  thereto  have  been  deleted  in  the 
present  paper. 
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Figure  1  Reconnaissance  area,  sol l-Feomornhic  in- 
vestigations, southeastern  Mo.iave  Desert 
California  and  Arizona. 


Quaternary  sediments  and  related  geomorphic  surfaces  over  an  approximately  10,000 
sq  km  area  of  the  southeastern  Mojave  Desert  in  order  to  ascertain  the  last 
movement  of  any  fault  which  might  be  identified  in  geological  mapping.   Most  of  the 
studies  have  not  yet  been  formally  published  in  well-known  geological  or  pedological 
journals.   They  are,  however,  available  as  appendices  in  various  Early  Site  Review 
Reports  (ESRR) ,  and  Preliminary  Safety  Analysis  Reports  (PSAR) ;  see,  for  example, 
Bull  (1974a;  1974b),  Ku  (1975),  Kukla  and  Opdyke  (1973),  Lee  and  Bell  (1975), 
Murray  et  a_l.  (1976)  ,  and  Shlemon  and  Purcell  (1976)  .   These  nuclear  site-related 
studies  have  now  yielded  new  information  regarding  the  Quaternary  stratigraphy, 
soils,  and  landforms  in  this  portion  of  the  Mojave  Desert,  their  relative  ages 
and,  in  some  cases,  their  "absolute"  ages  based  on  radiometric  and  magnetic  dating. 

This  paper  therefore  summarizes  key  aspects  of  these  soil-geomorphic  studies  in 
the  southeastern  Mojave  Desert,  California  and  Arizona.   Particularly  emphasized  are 
data  from  siting  studies  for  the  Sundesert  Nuclear  Generating  Station  near  Blythe, 
California  (San  Diego  Gas  and  Electric  Co. ,  1976) .   Pointed  out  are  the  broad 
alluvial  sequences  in  this  area  and  geomorphic  criteria  useful  for  their  separation 
in  reconnaissance,  and  the  approximate  ages  of  related  geomorphic  surfaces  and  the 
soils  forming  upon  them.   Reviewed  briefly  also  is  the  probable  rate  of  Aridisol 
formation  in  this  area  compared  with  the  well-studied  soils  on  similar  flights 
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georaorphic  surfaces  in  the  semi-arid  terrain  of  southern  New  Mexico  (Gile,  1974, 
1977;  Gile  and  Hawley,  1966,  1968;  Gile  et  al. ,  1966,  1970). 

GEOMORPHIC  SETTING 

The  area  studied  is  approximately  triangular-shaped,  covering  some  10,000  sq  km 
in  California  and  Arizona,  centered  around  the  proposed  Sundesert  Nuclear  Gener- 
ating Station,  about  32  km  southwest  of  Blythe,  California  (Figure  1)  .   Fifteen 
major  mountain  ranges  are  encompassed  within  the  study  area.   The  entire  region 
is  within  the  Mojave  Desert,  a  subdivision  of  the  Sonoran  physiographic  province. 

A  great  variety  of  lithologies  make  up  the  core  of  the  several  mountain  systems 
in  this  region.   These  rocks,  reflected  in  the  Quaternary  alluvium,  range  in  age 
from  Mesozoic  granitic  intrusives  to  diverse  pre-Cretaceous  metamorphic  and 
metasediments  with  some  younger  volcanics.   These  contrasting  lithologies 
weather  differently,  develop  distinctive  surfaces,  and  thus  affect  the  geometry, 
morphology,  and  photographic  tonal  expression  of  Quaternary  landforms  and  soils 
identified  in  these  studies. 

The  climate,  reflected  in  the  landforms,  is  arid  to  locally  semi-arid  with  pre- 
cipitation ranging  from  approximately  5  or  6  cm  in  the  basins  to  about  25  cm  at 
higher  elevations.   Vegetation  on  Quaternary  fan  systems  is  confined  mainly  to 
riparian  Cottonwood  and  phreatophytes  along  active  washes  and  to  dispersed  Ocotillo 
and  Creosote  bush  (Larrea  Sp.)  on  modern  alluvial  fans.   Older  geomorphic  sur- 
faces, characterized  by  well-developed  desert  pavement,  typically  are  barren  of 
vegetation  except  for  sparse  Creosote.   Soils  in  this  portion  of  the  southeastern 
Mojave  are  unmapped  except  for  irrigated  agricultural  land  and  adjacent  terraces 
(Torrif luvents  and  Torriorthents)  in  the  Palo  Verde  Valley  along  the  lower 
Colorado  River  (Elam,  1974)  and  reconnaissance  of  piedmont  fan  surfaces  around 
proposed  nuclear  facilities  near  Parker  and  Yuma,  Arizona  (Bull,  1974a;  1974b). 

Field  Procedures 

Because  of  the  large  area  covered  by  the  soil-geomorphic  survey,  many  data  were 
obtained  by  interpreting  high  altitude  (scale  1:125,000),  U.S.  Air  Force  aerial 
photographs,  and  color  small-scale  Skylab  and  ERTS  imagery  (Shlemon  and  Purcell, 
1976) .   Where  available,  recent  large-scale  photography  was  also  used;  as  well 
as  field  checks  by  four-wheel  drive  vehicle,  by  helicopter  and  by  light  aircraft. 
Additionally,  soils  within  about  a  10  km  radius  of  the  Sundesert  Nuclear  site 
(Figure  1)  were  described  from  24  trenches  specifically  excavated  for  that 
purpose,  and  from  natural  exposures  in  lower,  intermediate,  and  high-level 
geomorphic  surfaces  primarily  bordering  the  Mule  and  Palo  Verde  Mountains. 
These  surfaces,  directly  traceable  to  several  dated  fluvial  terraces  of  the  Colorado 
River,  permit  dating  and  correlating  of  Quaternary  soils  and  landforms  over  a  wide 
area  in  the  southeastern  Mojave  Desert. 

Desert  Alluvial  Systems 

The  alluvial  landforms  in  the  study  area  are  primarily  piedmont  and  pediment  fans 
ranging  in  age  from  undissected  Holocene  deposits  to  remnant  late-Tertiary  fanglo- 
merates.   As  applicable  to  the  southeastern  Mojave  Desert,  these  have  been  described 
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by  Denny  (1965,  1967),  Hadley  (1967),  Hamilton  (1964),  Lustig  (1966),  Melton 
(1965),  Metzger  et  al .  (1973),  Olmsted  et  al.  (1973),  and  Royse  and  Barsch  (1971). 
These  alluvial  landforms  in  the  southeastern  Mojave  Desert  appear  to  have  been 
remarkably  stable  throughout  the  Quaternary  (Bull,  1964;  Shlemon  and  Purcell,  1976), 
though  tectonism  in  the  western  Mojave  is  well  known  (Denny,  1967;  Hooke,  1967, 
1972) .   It  appears  geomorphic  equilibrium  and  surface  form  have  been  controlled 
mostly  by  regional  climatic  change  which  affected  vegetation,  discharge,  sediment 
yield,  and  a  host  of  minor  geomorphic  variables.   In  essence,  Quaternary  climatic 
change  in  this  area  gave  rise  to  epochs  of  alluviation  preceded  and  followed  by 
relative  landscape  stability  and  soil  formation. 

Regionally,  landform  evolution,  sedimentation,  and  pedogenesis  in  the  southeastern 
Mojave  Desert  is  generally  associated  with  major  epochs  of  Pleistocene  pluviality. 
Whether  or  not  this  climatic  change  can  be  equated  to  mid-continental  glaciations 
or  interglaciations  is  still  debatable.   However,  an  approximate  chronology 
correlative  to  Wisconsin  and  at  least  two  or  more  Illinoian  or  earlier  stages  is 
borne  out  by  radiometrically-dated  multiple  lake  levels  throughout  the  Great 
Basin  and  Mojave  Desert  (Morrison,  1964,  1965)  and  in  some  cases  by  abrupt 
sedimentological  changes  in  cores  from  closed  lake  basins,  interpreted  as 
indicative  of  climatic  change  (Smith,  1968) .   In  any  event,  carbonate  depth 
and  morphology  in  Aridisols  greater  than  about  100,000  years  old  attest  to  past 
climates  with  effective  soil  moisture  greater  than  the  present. 

Classes  of  Quaternary  Alluvium 

Four  distinct  classes  of  alluvial  forms  and  underlying  sediments  flank  almost 
all  fifteen  major  mountain  ranges  in  the  southeastern  Mojave  study  area  (Table  1). 
These  are  designated,  from  younger  to  older,  "Ql"  through  "Q4."   These  alluvial 
forms  are  differentiated  primarily  by  their  surface  form  and  secondarily  by  their 
relative  soil  profile  development. 

With  respect  to  surface  form,  two  distinct  aspects  of  piedmont  fan  and  piedmont 
terrace  morphology  permit  their  discrimination:   (1)  relative  dissection  of  fan 
surface  or  conversely,  preservation  of  divides,  and  (2)  the  amount  of  desert 
pavement  and  its  appearance  on  imagery  indicated  by  reflectance  (albedo)  of 
desert  varnish  (patina) . 

Relative  Dissection  of  Alluvial  Surfaces 

Each  major  periodic  change  in  geomorphic  equilibrium,  whether  induced  by  local 
tectonism  or  controlled  by  regional  climatic  fluctuation,  resulted  in  channels  being 
incised  into  bedrock  and  existing  deposits,  and  new  sediments  being  carried 
basinward  away  from  the  mountain  fronts.   Consequently,  the  other  landforms  were 
progressively  abandoned  as  surfaces  of  transport  and  eventually  dissected.   In 
some  cases,  the  oldest,  and  now  topographically  highest  surfaces,  have  little  if 
any  original  divides  remaining.   In  contrast,  the  younger,  topographically  lower 
surfaces  are  characterized  by  progressively  better  preserved  and  wider  divides. 
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Reflectance  of  Desert  Pavement 

The  vast  majority  of  alluvial  fans  older  than  about  Holocene-age,  are  capped  by 
desert  pavement,  a  veneer  of  gravels  derived  from  adjacent  mountain  ranges. 
Where  the  gravels  are  high  in  iron  and  manganese,  emanating  from  volcanic  and 
metamorphic  terrane,  a  distinctive  varnished  coating  or  patina  renders  these 
surfaces  readily  discernible  both  in  the  field  and  on  aerial  photographs. 
The  relative  amount  and  micro-relief  of  pavemented  surfaces  is  an  excellent 
geomorphic  indicator  of  landform  and  soil  age. 

The  origin  of  desert  pavement  is  not  completely  understood,  with  hypotheses 
ranging  from  deflation  of  fine-grained  interspersed  particles  by  wind  and  water 
(Clements,  1952;  Lowdermilk  and  Sundling,  1950;  Lustig,  1966)  to  mechanical 
processes  causing  movement  of  pebbles  to  the  surface  (Cooke,  1970;  Denny,  1965, 
1967;  Springer,  1958).   Both  hypotheses  are  applicable  in  the  southeastern  Mojave 
Desert  as  borne  out  by  inspection  of  natural  cuts  in  arroyos  and  trenches 
specifically  excavated  for  soil  description. 

The  time  required  for  desert  pavement  formation  varies  greatly  from  place  to  place. 
In  the  southeastern  Mojave,  trails  and  tracks  cut  in  the  pavement  during  military 
maneuvers  of  early  World  War  II  show  no  evidence  of  "healing."   Yet  Cooke  (1970) 
has  observed  incipient  renewal  of  artifically  removed  pavement  in  as  little  as 
four  years.   In  any  event,  desert  pavement  forms  only  on  surfaces  that  are 
relatively  stable  as  well  as  endowed  with  gravels. 

Normally  the  desert  pavement  is  underlain  by  2  to  8  cm  of  stone-free  vesicular 
silt,  especially  on  the  higher  and  older  geomorphic  surfaces.   The  stone-free 
silty  unit,  commonly  designated  A2  or  A3  eluvial  horizons,  owes  its  origin  mostly 
to  mechanical  disturbance,  partially  because  of  wetting  or  drying,  or  because  of 
freezing  and  thawing.   As  observed  by  Springer  (1958)  in  western  Nevada,  repeated 
wetting  and  drying  of  montmorillonite  and  other  expandable-lattice  clays  is  an 
effective  method  to  move  gravels  upward  in  the  solum;  this  process  being  a  function 
of  time  as  well  as  of  climate. 

Another  useful  indicator  to  date  relatively  and  to  correlate  geomorphic  surfaces  in 
the  southeastern  Mojave  Desert  is  the  dark-colored  varnish  or  patina  characteristic 
of  many  desert  pavements.   The  iron  and  manganese  film  comprising  most  desert 
varnish  in  part  is  derived  from  the  rock  itself  and  in  part  from  solution  emanating 
from  adjacent  weathered  soil  and  debris  (Engle  and  Sharp,  1958;  Hooke  et_  a_l .  ,  1969; 
Potter  and  Rossman,  1977) .   The  desert  varnish  is  confined  almost  exclusively  to 
iron  and  manganese-rich  rocks,  and  is  almost  devoid  on  surfaces  characterized  by 
quartzite  cobbles  or  limestone  fragments. 

The  time  required  for  desert  varnish  formation  is  still  not  precisely  known. 
Incipient  varnish  seems  to  form  in  only  a  few  thousand  years  (Engle  and  Sharp, 
1958;  Hooke  et_  a^.  ,  1969) ,  but  well-patinated  surfaces  may  take  tens  of  thousands 
of  years  to  develop  (Blackwelder ,  1948) .    Varnished  pavement  greater  than  about 
15,000  years  old  has  likely  been  subjected  to  pluviality  during  the  latest 
Pleistocene,  and  this  paleoclimatic  factor  may  have  accelerated  the  varnishing 
process. 
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In  brief,  the  formation  and  preservation  of  desert  pavement  and  varnish  are  excellent 
indicators  for  identifying,  correlating,  and  dating  relatively  intermediate-  and  high- 
level  geomorphic  surfaces  throughout  the  southeastern  Mojave  Desert.   Active  fan 
surfaces,  washes  and  floodplains  with  little  or  no  pavemented  surfaces  are  probably 
less  than  about  15,000  years  old  (alluvial  class  Ql;  Table  1).   Based  on  limited 
radiometric  and  paleomagnetic  dates,  described  in  the  following  section,  those 
well-patinated  surfaces  with  smooth  pavement  are  greater  than  at  least  15,000 
years  old  and  more  likely  35,000  to  about  200,000  years  (alluvial  class  Q2) . 
Locally,  some  pavement  has  been  partially  disrupted  by  rare  surface  flow  which 
gives  rise  to  bar  and  channel  topography.   Nevertheless,  rocks,  though 
transported  slightly  from  their  original  soils,  attest  that  these  surfaces  have 
remained  essentially  stable  since  cessation  of  a  previous  epoch  of  alluviation. 
Those  surfaces  with  obvious  deep  bar  and  channel  topography,  and  with  none  or  at 
best  an  incipient  pavement  and  varnish,  are  likely  "post-Wisconsin"  in  age. 
Higher,  and  older  geomorphic  surfaces  with  well-developed,  smooth  desert  pavement 
are  forming  on  "pre-Wisconsin"  alluvium  (Class  Q3) ,  and  range  in  age  from  about 
100,000  to  500,000  years  old.   In  some  cases,  highest  remnant  drainage  divides 
reflect  the  aggregate  of  weathering  for  the  past  500,000  to  perhaps  1,000,000 
years  (alluvial  class  Q4) . 

ALLUVIAL  SOILS  OF  THE  SOUTHEASTERN  MOJAVE  DESERT 

Description  of  22  soil  profiles  from  toposequences  of  alluvial  fans  within  the 
southeastern  Mojave  Desert  area  indicates  that  the  vast  majority  of  soils  are  Arid- 
isols,  either  Orthids  or  Argids  (Shlemon,  1977).   Three  morphological  character- 
istics of  these  soils  have  proven  useful  for  regional  correlation  and  for  deter- 
mining their  relative  pedological  and  geological  age:   (1)  the  presence  and 
thickness  of  silty  eluvial  "A2"or"A3"  horizons;  (2)  an  argillic  horizon  usually 
with  7.5YR  or  5YR  hues  and  chromas;  and  (3)  the  depth  and  morphology  of  calcium 
carbonate  horizons.   These  three  characteristics  typify  most  pre-Holocene  alluvial 
soils  in  the  southeastern  Mojave  Desert.   Thus,  the  rate  of  Aridisol  development 
giving  rise  to  these  morphological  characteristics,  may  be  ascertained  more 
precisely  by  correlating  alluvial  fans  and  geomorphic  surfaces  to  Quaternary 
sediments  dated  by  radiometric  and  magnetic  techniques. 

Torripsamments  and  Camborthids 

As  shown  diagrammetrically  in  Figure  2,  Torripsamments  and  Camborthids  typify 
Holocene-age  (post-pluvial)  surfaces  of  active  fluvial  or  eolian  transport  in  the 
southeastern  Mojave  Desert.   Typically,  the  surface  is  still  sufficiently  unstable 
so  that  neither  desert  pavement  nor  a  stone-free  vesicular  silt  have  yet  formed. 
Both  surface  and  subsurface  horizons  are  normally  7.5YR  and  10YR  in  color,  with 
cambic  horizons  limited  to  soils  on  distal  segments  of  alluvial  fan  derived  mainly 
from  more  easily  weatherable  metamorphic  and  volcanic  rocks.   Not  uncommonly, 
disseminated  lime  occurs  at  a  depth  of  about  60  cm  (stage  1  development  of 
Gile  et  al_.  ,  1966)  ,  the  surface  epipedon  either  non-calcareous  or  slightly 
calcareous  owing  to  the  continual  influx  of  dust.   The  alluvial  fans  and  basin 
deposits  giving  rise  to  Torripsamments  and  Camborthids  are  traceable  directly 
into  Colorado  River  deposits  underlying  the  present  floodplain  in  the  Palo  Verde 
Valley  dated  by  radiocarbon  as  of  Holocene  age  (Metzger  e_t  a_l ,  1973;  Olmsted  e_t 
al,  1973) . 
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Figure  2    Gent-rail  zed  sol 1-geomorphic  associations 
showing  major  soil  orders  and  suborders 
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terrace,  southeastern  Mo.luvr  Desert,  Call 
Torn  la  and  Arizona. 


Calciorthids 

Calciorthids  are  intimately  mixed  with  some  Camborthids  on  low,  intermediate 
geomorphic  surfaces,  usually  slightly  above  the  present  active  surfaces  of  transport. 
A2  or  A3  horizons  are  normally  less  than  5  cm  thick;  7.5YR  colors  typify  the 
cambic  horizon.   Carbonate  nodules  to  about  5  mm  in  diameter  occur  in  sandy  matrices, 
and  limey  rinds  to  about  3  mm  thick  coat  the  bases  of  pebbles  at  a  depth  of  90  to 
120  cm.   Where  demonstrably  pedogenic  and  not  related  to  buried  Cca  horizons, 
this  depth  of  carbonate  accumulation  suggests,  with  other  geomorphic  data,  that 
the  soils  have  been  subject  to  at  least  one  pluvial  epoch.   Camborthids  and 
Calciorthids,  however,  are  less  than  about  100,000  years  old,  based  on  tracing  their 
underlying  parent  material  to  sediments  of  that  age  dated  by  thorium-uranium- 
protactinium  series  assay  of  vertebrate  remains  (Ku,  1975).   In  essence,  both 
radiometric  dating  of  soil  parent  material  and  geomorphic  position  indicate  a 
probable  "pre-Wisconsin"  yet  "post-Sangamon"  age  for  Camborthids  and  Calciorthids 
in  this  part  of  the  Mojave  Desert. 

Haplargids 

Haplargids  characterize  most  intermediate-level  geomorphic  surfaces  in  the  southeastern 
Mojave  Desert.   Desert  pavement  is  well-developed  with  fan  remnants  sufficiently 
high  above  local  base  level  and  dissected  such  that  surface  flow  is  derived  wholly 
from  contemporary  rainfall. 

Vesicular  horizons  underlying  the  desert  pavement  typically  are  about  5  to  10  cm 
thick,  this  increasing  with  elevation  and  age  of  fan  surface.   Argillic  horizons 
are  recognizable  in  the  field  by  a  slight  increase  in  clay,  reddish-colors  (5YR) 
and  presence  of  illuvial  coatings.   Whether  the  clay  is  wholly  translocated  or 
formed  in  place  is  unknown,  a  problem  characteristic  of  argillic  horizons  in  desert 
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soils  throughout  the  southwestern  United  States  (Nettleton  et  aK ,  1975). 
These  horizons  (Bca)  are,  however,  within  the  present  depth  of  wetting,  for 
they  are  typified  by  stage  I  carbonates  (Gile  et  al.,  1966). 

The  morphology  and  depth  of  the  Haplargid  Cca  horizon  is  also  indicative  of 
age.   Nodular  carbonates  are  abundant  occupying  perhaps  25  percent  of  surface 
area,  especially  on  fan  sediments  derived  from  metamorphic  and  volcanic  rocks; 
or  downwind  from  playa  lakes,  sources  of  carbonate  dust.   Lime  coatings  on 
pebble  bases  are  10  to  15  mm  thick  (stage  II)  with  a  dendritic  staining  pattern  on 
pebble  surfaces  as  well.   Calcic  horizons  are  often  140  to  160  cm  deep,  far 
below  the  present  depth  of  wetting  in  this  truly  arid  terrane  (Arkley,  1963) . 

Paleargids 

Paleargids  occur  on  the  highest-intermediate  level  and  highest  fan  remnants  and 
drainage  divides  in  the  southeastern  Mojave  Desert.   Desert  pavement  and  varnish 
are  very  strongly  developed,  for  except  for  eolian  dust,  these  geomorphic 
surfaces  have  probably  not  received  new  sediments  during  perhaps  the  last  200,000 
years.   Landscape  dissection  is  such  that  the  only  water  available  for  transport 
across  these  surfaces  is  from  local  rainfall  and  not  from  present  drainages 
originating  in  adjacent  mountain  terrain. 

Stone-free  vesicular  horizons  are  10  to  12  cm  thick;  argillic  horizons  are 
distinct  with  colors  in  the  5  YR  range.   Illuvial  clay  is  also  present  except  for 
parent  material  almost  wholly  quartzitic  where  derived  from  old,  reworked 
Colorado  River  deposits. 

Carbonate  depth  and  morphology  also  attest  to  the  antiquity  of  these  soils. 
Carbonate  nodules  occupy  approximately  50  to  60  percent  of  pore  space  at  a 
depth  of  about  150  cm.   Incipient  K  horizons  (stage  III  development)  are  common 

(Gile  e_t  al_,  1965,  1966).   These  Paleargids,  however,  are  less  than  700,000 
years  old,  for  they  occur  on  sediments  along  the  lower  Colorado  River  with  positive 
magnetic  polarization  ascribed  to  the  Brunhes  Normal  Epoch  (Kukla  and  Opdyke, 
1975)  ,  and  on  fans  in  the  Coxcomb  Mountains  (Shlemon,  1976)  containing  the  approx- 
imately 700,000  year  old  Bishop  Tuff,  an  ash  deposit  widespread  in  eastern  California 

(Merriam  and  Bischoff,  1975). 

On  highest  fan  remnants,  topographically  above  surfaces  dated  as  about  700,000 
years  old,  are  remnants  of  well-developed  Paleargids.   Elevations  above  local 
base  level  are  often  in  the  order  of  tens  of  metres,  such  that  fan  surfaces 
are  strongly  dissected  and  in  most  cases  completely  cut  off  from  contemporary 
deposition  except  for  eolian  dust.   Desert  pavement  may  be  preserved  on  the 
wider  fan  remnants.   Elsewhere  the  surfaces  have  been  stripped  so  that  only  a  K 
horizon  is  preserved,  with  petrocalcic  rubble  mantling  the  adjacent  slopes. 
These  high  remnants  and  associated  Paleargids,  characterized  by  argillic,  Cca  and  K 
horizons  immediately  east  of  the  Chocolate  Mountains  of  California  (Figure  1)  and  on 
drainage  divides  within  the  Trigo  Mountains  of  Arizona  (Shlemon  and  Purcell,  1976). 
Some  of  these  ancient  pedons  have  plugged  carbonate  horizons  more  than  two  metres 
thick.   The  absolute  age  of  these  Paleargids  and  their  underlying  parent  material 
(alluvial  class  Q4 )  is  unknown.   However,  based  on  their  geomorphic  position, 
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it  appears  they  may  be  in  the  order  of  at  least  one  million  years  old. 

RATE  OF  ARIDISOL  FORMATION 

The  radiometrically  and  magnetically-dated  sediments  provide  an  approximate 
"calibration"  for  the  age  and  hence  rate  of  Aridisol  formation  in  the  south- 
eastern Mojave  Desert.   Gile  and  Hawley  (1969)  and  Gile  (1975,  1977)  report 
stage  I  and  II  carbonate  development  occurring  in  Aridisols  within  Holocene  time 
in  southern  New  Mexico.   In  the  Mojave,  in  contrast,  soils  of  this  age  ("post- 
pluvial")  are  Torripsamments,  Torrifluvents  or,  at  best,  Camborthids  with  only 
fine  disseminated  lime. 

Haplargids  in  the  southeastern  Mojave  Desert  also  appear  to  be  geologically  much 
older  than  their  equivalent  profiles  in  New  Mexico  based  on  limited  radiometric 
dating  of  parent  materials  in  both  areas  (Gile  and  Hawley,  1968;  Gile  et  al., 
1970;  and  Gile,  1975,  1977).   Whereas  Haplargids  have  formed  in  the  last  10,000 
years  in  southern  New  Mexico,  these  soils  probably  range  in  age  between  15,000 
and  100,000  years  old  in  the  southeastern  Mojave  Desert. 

Incipient  Paleargids  in  the  Mojave  Desert  require  at  least  700,000  years  to 
form,  at  least  two  to  three  times  longer  than  that  reported  by  Gile  e_t  al. 
(1970)  for  southern  New  Mexico  or  by  Nettleton  et  al.  (1975)  for  other  selected 
localities  in  the  southwestern  United  States.   Extremely  well-developed  Paleargids 
with  thick  K  horizons  (laminar)  on  the  highest  drainage  divides  within  the 
southeastern  Mojave  probably  require  at  least  1,000,000  years  to  form  (Bull, 
1974a;  Shlemon  and  Purcell,  1976).   Thus  the  rate  of  Aridisol  formation  in  this 
area  is  probably  at  least  an  order  of  magnitude  slower  than  for  comparable 
profile  development  in  southern  New  Mexico. 

SUMMARY  AND  CONCLUSIONS 

Reconnaissance  soil-geomorphic  mapping  and  other  studies  related  to  nuclear 

power  plant  siting  provide  new  information  about  the  age  of  alluvial  landforms  and 

soils  in  the  southeastern  Mojave  Desert,  California  and  Arizona. 

Four  distinct  classes  of  alluvium,  designated  from  younger  to  older  as  "Ql" 
through  "Q4,"  flank  some  fifteen  mountain  ranges  in  a  10,000  sq  km  area  centered 
around  the  proposed  Sundesert  Nuclear  Generating  Station  near  Blythe,  California. 
These  piedmont  and  pediment  fans  range  in  age  from  undissected  Holocene  deposits 
to  remnant  late-Tertiary  fanglomerates.   Regionally,  alluviation  appears  to  be 
climatically  controlled,  episodically  preceded  and  followed  by  relative  landscape 
stability  and  soil  formation. 

Geomorphic  surfaces  are  differentiated  by  (1)  elevation  and  increasing  surface 
dissection  (preservation  of  divides) ;  and  (2)  relative  development  of  desert 
pavement  and  varnish  (patina) .   Soil  characteristics  most  applicable  for  regional 
correlation  and  age  determination  are  the  (1)  presence  and  thickness  of  an  eluvial 
(A2) ,  stone-free  vesicular  zone  below  desert  pavement;  (2)  presence  of  cambic  and 
locally  argillic  horizons;  and  (3)  depth  and  morphology  of  carbonate  accumulations. 

Torripsamments  and  Camborthids  occur  on  active  surfaces  deemed  "post-pluvial"  or  less 
than  about  15,000  years  old.   Calciorthids  and  some  Camborthids  occurring  on  low, 
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intermediate-level  geomorphic  surfaces  are  typified  by  eluvial  horizons  generally 
less  than  5  cm  thick,  cambic  horizons  and  stage  I  carbonate  development.   Depth 
of  carbonate  below  the  present  average  wetting  front  and  geomorphic  position 
suggest  a  "pre-Wisconsin"  soil  age.   These  profiles  are,  however,  less  than  about 
100,000  years  old  based  on  correlation  with  radiometrically  dated  sediments  along 
the  lower  Colorado  River. 

Haplargids  in  southeastern  Mojave  Desert  occur  on  intermediate-level  geomorphic 
surfaces.   Desert  pavement  and  an  underlying  silty  vesicular  (eluvial)  horizon 
characterize  these  landforms  and  soils.   Cca  horizons  have  stage  II  carbonate 
development.   From  geomorphic  position  and  relative  profile  development,  these 
soils  are  greater  than  about  100,000,  and  possible  as  old  as  500,000  years. 

Paleargids  occur  on  high-intermediate  and  highest  levels  in  the  southeastern 
Mojave  Desert.   Desert  pavement  is  limited  to  narrow  divides.   Stone-free  eluvial, 
argillic,  and  strongly  developed  (stages  III  and  IV)  carbonate  horizons  are 
characteristic.   Incipient  Paleargids  are  somewhat  less  than  about  700,000  years 
old  based  on  correlating  parent  material  to  sediments  containing  the  700,000-year- 
old  Bishop  Tuff,  and  to  those  with  positive  paleomagnetic  polarity  (Brunhes  Normal 
Epoch) . 

Strongly  developed  Paleargids  on  highest  remnant  surfaces  have  Cca  and  K  horizons 
to  two  metres  thick.   This  profile  development  and  geomorphic  position  well  above 
700,000-year-old  dated  sediments  suggests  that  these  Paleargids  may  be  in  the 
order  of  at  least  one  million  years  old. 

The  rate  of  Ardisol  formation  in  the  southeastern  Mojave  Desert  is  substantially 
slower  than  that  reported  for  similar  flights  of  geomorphic  surfaces  in  southern 
New  Mexico.   Whereas  Haplargids  have  formed  within  Holocene  time  in  New  Mexico, 
these  same  soils  are  greater  than  15,000  and  possibly  up  to  100,000  years  old 
in  the  southeastern  Mojave. 

Paleargids,  similarly,  apparently  require  longer  to  form.   Surfaces  stable  for  about 
700,000  years  have  produced  only  incipient  Paleargids;  similar  profiles  in  New 
Mexico  may  be  as  young  as  Holocene  age. 
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ABSTRACT 

Alluvial-fan  deposits  in  the  Basin  and  Range  province  in  Arizona,  California, 
Nevada,  and  Utah  may  be  correlated  by  relative-age  criteria.  Diagnostic  criteria  include 
(1)  drainage  pattern,  (2)  incision  depth,  (3)  surface  morphology,  (4)  desert  pavement  and 
varnish  development,  (5)  soil-profile  development,  and  (6)  morphostratigraphic  rela- 
tions. These  criteria  allow  us  to  group  alluvial-fan  deposits  into  three  age  classes:  young, 
intermediate,  and  old.  Young  fans  have  a  distributary  drainage  pattern  (bar  and  channel 
topography),  stream  incision  typically  less  than  1  m,  and  an  undeveloped  to  weak  soil 
profile.  In  contrast,  intermediate-age  fans  have  a  dendritic  to  parallel  drainage  pattern, 
major  channel  incision  of  about  1  to  10  m  with  undissected  interfluves,  and  weak  to 
strong  soil  profiles.  Old  fans  retain  little  of  their  original  surface  morphology,  have 
stream  incision  greater  than  about  10  m,  and  typically  are  cut  off  from  their  original 
source  areas  by  modern  drainages.  Soils  are  strongly  developed  on  remnant  drainage 
divides  but  elsewhere  are  generally  removed  by  erosion. 

Similar  sequences  of  alluvial  fans  throughout  the  Basin  and  Range  suggest  a  re- 
gional control  over  deposition  probably  related  to  Quaternary  climatic  changes.  Local 
variations  in  sequences  may  result  from  other  factors  which  influence  deposition,  such 
as  lithology  and  tectonic  or  other  base-level  controls.  However,  fans  attributable  to  these 
factors  are  generally  not  of  significance  in  regional  correlation.  Relative  soil-profile 
development,  morphostratigraphic  relations,  and  absolute  dates  from  numerous  Basin 
and  Range  localities  indicate  that  most  young  fans  are  less  than  15,000  years  old; 
intermediate-age  fans  range  from  10,000  to  700,000  years  old;  and  old  fans  generally 
exceed  500,000  years  in  age. 

INTRODUCTION  Alluvial-fan  deposits  vary  greatly  in  age,  both  within  a  single 

fan  and  between  adjacent  fans  on  an  alluvial  piedmont  (summar- 

Broad  piedmont  fan  systems  cover  large  areas  of  the  Basin  ized  in  Cooke  and  Warren,  1973).  Several  workers  have  devel- 

and  Range  province  of  the  southwestern  United  States.  Each  oped  similar  qualitative  techniques  to  differentiate  alluvial-fan 

piedmont  consists  of  a  complex  of  coalescing  alluvial  fans  that  deposits  according  to  relative  age  (see,  for  example,  Denny,  1965; 

vary  in  size,  composition,  and  age.  These  alluvial-fan  deposits  Bull,  1964,  1974b;  Shlemon  and  Purcell,  1976;  Shlemon,  1978; 

constitute  a  significant  part  of  the  Quaternary  record  in  the  Basin  and  Hoover  and  others,  1981).  Diagnostic  criteria  used  to  differ- 

and  Range  province,  and  determining  their  age  is  important  to  entiate  alluvial-fan  sequences  are:  drainage  pattern,  fan  morphol- 

reconstructing  the  Quaternary  stratigraphic  and  tectonic  history  ogy,  desert   pavement   and   varnish   development,   soil-profile 

of  the  region.  (pedogenic)  development,  and  morphostratigraphic  relations. 
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Figure  1.  Location  map  showing  the  Basin  and  Range  province  and  approximate  limits  of  Pleistocene 
Lakes  Bonneville  and  Lahontan  (Flint,  1971). 


Many  workers  in  the  southwestern  United  States  (Bull, 
1974a;  Shlemon  and  Purcell,  1976;  Shlemon,  1978;  Hoover  and 
others,  1981)  have  considered  alluviation  to  be  climatically  con- 
trolled. The  influence  of  climate,  however,  is  difficult  to  recognize 
in  correlating  Basin  and  Range  alluvial-fan  sequences  owing  to: 
( 1 )  differences  in  interpretation  regarding  the  response  of  alluvial- 
fan  systems  to  particular  climatic  changes,  (2)  the  relatively  great 
sensitivity  of  alluvial-fan  systems  to  environmental  changes  other 
than  climate  (Ritter,  1974;  Bull,  1977),  and  (3)  the  small  number 
of  well-dated  alluvial-fan  sequences  that  can  provide  accurate 
time  controls  for  regional  correlations  or  for  correlation  with 
known  chronologies  of  climatic  change  from  the  deep-sea  record 


(Shackelton  and  Opdyke,  1976).  However,  similarities  in 
alluvial-fan  sequences  studied  at  several  locations  throughout  the 
Basin  and  Range  suggest  that,  in  general  terms,  regional  correla- 
tions and  age  assignments  are  possible.  These  similarities  also 
suggest  that  the  underlying  factor  controlling  deposition  was 
probably  contemporaneous  climatic  change  occurring  over  large 
regions. 

Accordingly,  in  this  paper  we  briefly  discuss  the  criteria  that 
are  used  to  characterize  alluvial-fan  sequences  and  the  potential 
problems  with  the  use  of  individual  criteria.  We  then  present  a 
three-fold  classification  for  identifying,  dating,  "and  correlating 
alluvial-fan  sequences  in  the  Basin  and  Range.  We  emphasize  the 
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TABLE  1.  GENERAL  CHARACTERTI ST ICS  OF  YOUNG,  INTERMEDIATE,  AND  OLD  ALLUVIAL-FAN  DEPOSITS 


Character  ist  ic 


Young 


Intermed  ia te 


Old 


Drainage  pattern 


Depth  of  incision 

Fan  surface 
morphology 

Preservation  of 
fan  surface 


Desert  pavement 


Desert  varnish 


B  horizon 


Calcic  horizon 


Distributary:  anastomosing    Tributary:  dendritic 
or  braided 


Less  than  1  m 
Bar -and -channel 

Presently  active 


None  to  weakly 
developed 


None  to  weakly  developed 
(r.ost  varnished  c lasts 
reworked  from  older 
surfaces  or  bedrock) 

None  to  weakly  developed 


None  to  weakly 
developed,  CaC03 
d  i  ssemina ted 
throughout 


Variable  (1  to  10  m) 

Variable,  generally 
smooth  and  flat 

Incised,  but  well 
preserved  wide,  flat 
divides 

None  to  strongly 
developed 


None  to  strongly 
developed 


Weakly  to  strongly 
developed 


Weakly  to  strongly 
developed 


Tributary:  dendritic  or 
paral lei 

Greater  than  10  m 

Ridge  and  valley,  most 
of  surface  slopes 

Basically  destroyed, 
locally  preserved  on 
narrow  divides 

None  (surface  destroyed) 
to  strongly  developed 
(surface  preserved) 

None  (surface  destroyed) 
to  strong'y  developed 
(surface  preserved) 


None  (surface  destroyed) 
to  strongly  developed 
(surface  preserved) 

None,  carbonate  rubble 
on  surface  (surface 
destroyed)  to  strongly 
developed  petrocalcic 
horizon  (surface 
preserved ) 


Great  Basin,  Mojave  Desert,  and  Sonoran  Desert  (Fig.  1 ),  and  we 
have  not  included  the  extensive  work  done  in  the  Basin  and 
Range  of  southern  New  Mexico. 

ALLUVIAL-FAN  UNITS  AND 
RELATIVE-AGE  CRITERIA 

Alluvial-fan  units  defined  in  this  study  are  based  principally 
on  relative-age  criteria  such  as  drainage  and  morphology;  desert 
pavement,  desert  varnish,  and  soil-profile  development;  and  mor- 
phostratigraphic  relations  with  other  Quaternary  units  The  most 
consistent  and  useful  of  these,  particularly  when  mapping  from 
aerial  photographs,  are  drainage  pattern,  depth  of  stream  incision, 
and  fan  surface  morphology.  Desert  pavement,  desert  varnish, 
and  soil-profile  characteristics,  particularly  the  stage  of  develop- 
ment of  the  B  horizon  and  calcic  horizon,  are  also  useful,  al- 
though they  are  subject  to  local  variations  from  dependence  on 
many  factors  other  than  age  (Machette,  this  volume).  Morpho- 
stratigraphic  relations  are  important,  particularly  when  ages  of 
related  units  are  known,  and  are  time-equivalent  on  a  regional 
scale.  Examples  of  such  units  are  deposits  and  shorelines  of  large 
pluvial  lakes,  tephra  layers,  and  terraces  of  major  through-flowing 
streams. 

At  least  three  general  ages  of  alluvial-fan  deposits  are  found 
in  the  Basin  and  Range  province.  These  include  young  alluvial- 
fan  deposits  marked  by  active  channels  with  depositional  fan 


surfaces,  intermediate-age  deposits  with  well-preserved  but  inac- 
tive surfaces  that  are  incised  by  modern  channels,  and  old 
alluvial-fan  deposits  that  have  been  highly  dissected  leaving  virtu- 
ally no  trace  of  the  original  fan  surface.  Active  channels  may  be 
mapped  separately  from  active  fan  surfaces  in  most  instances  but 
for  convenience  are  included  with  young  deposits  because  they 
are  an  integral  part  of  an  active  surface.  Except  for  minor  differ- 
ences in  grouping  and  terminology,  these  same  three  fan  units 
have  been  used  by  Hamilton  (1964),  Bull  (1974b),  Shlemon  and 
Purcell  (1976),  Shlemon  (1978),  Peterson  (1981),  and  Hoover 
and  others  (1981).  The  basic  characteristics  of  these  units  are 
shown  in  Table  1. 

Drainage  and  Morphology 

Conditions  of  erosion  and  deposition  are  important  in  mak- 
ing initial  determinations  of  relative  age.  The  predominance  of 
either  erosion  or  deposition  is  readily  suggested  by  drainage  pat- 
tern and  morphology.  For  example,  alluvial-fan  deposits  that  are 
presently  aggrading  consist  of  a  relatively  closely  spaced  system  of 
braided  channels  with  an  overall  distributary  drainage  pattern. 
These  characteristics  typically  describe  the  youngest  alluvial-fan 
unit  (Table  1;  young  alluvial-fan  deposits).  The  depth  of  incision 
of  drainages  will  generally  be  less  than  1  m  and  will  allow  flood- 
ing of  this  young  surface  during  major  runoff  events.  These  sur- 
faces, particularly  where  gravelly,  have  flood-generated  bar-and- 
channel   topography   (Fig.   2).   In   contrast,   older  alluvial-fan 
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Figure  2.  Morphology  and  desert  pavement  characteristic  of  young  (y),  intermediate-age  (i),  and  old 
(o)  alluvial-fan  deposits,  northern  Gila  Mountains,  southwestern  Arizona. 


deposits  are  undergoing  degradation.  Drainage  on  these  older 
deposits  is  usually  an  incised  dendritic  or  parallel  tributary  sys- 
tem. In  these  deposits,  channel  incision  and  fan  surface  morphol- 
ogy are  useful  in  differentiating  relative  age.  Channel  incision 
depth  generally  increases  with  age.  Correspondingly,  the  degTee 
of  preservation  of  original  fan  surfaces  between  incised  channels 
generally  decreases  with  age.  Intermediate-age  alluvial-fan  depos- 
its are  thus  incised  but  still  retain  much  original  fan  surface  topog- 
raphy (Figs.  2  and  3).  In  contrast,  old  alluvial-fan  deposits  have 
practically  no  original  fan  surface  preserved  and  have  interfluves 
that  consist  of  subparallel  ridges  (Fig.  2). 

Quantitative  relations  between  age  and  morphologic  charac- 
teristics are  tentative  because  of  the  influence  of  other  variables. 
For  example,  depth  of  incision  depends  on  the  size  of  the  drain- 
age basin  and  fan.  Large  fans  with  large  drainage  basins  are 
generally  more  deeply  incised  than  are  smaller  fans  of  roughly 
equivalent  age  from  smaller  drainage  basins.  Depth  of  incision 
and  preservation  of  fan  surfaces  on  interfluves  are  also  influenced 
by  local  base-level  effects.  Alluvial-fan  deposits  close  to  an  ac- 
tively degrading  base  level  have  a  greater  depth  of  incision  and 
poorer  preservation  of  original  fan  surfaces  than  do  fans  of  similar 


age  further  from  these  base-level  effects,  or  those  in  areas  of  stable 
or  aggrading  base  levels.  Tectonic  base-level  influences  may  also 
create  morphologies  which  are  not  indicative  of  relative  age  (Bull, 
1974b).  Where  fault  scarps  traverse  alluvial  deposits,  the  uplifted 
blocks  between  the  fault  and  the  mountain  front  are  incised  to 
depths  that  are  more  dependent  on  amount  and  rate  of  uplift  than 
on  age.  Ranges  of  incision  depths  shown  in  Table  1  for  each  unit 
are  given  only  as  a  general  guideline,  and  depths  outside  the  given 
ranges  are  not  uncommon.  Thus,  although  morphologic  charac- 
teristics are  useful  to  differentiate  relative  ages  of  deposits,  other 
influences  are  also  important  for  regional  correlations. 

Desert  Pavement,  Desert  Varnish, 
and  Soil-Profile  Development 

Several  readily  observable  characteristics  of  desert  soils  are 
useful  in  evaluating  the  relative  ages  of  alluvial-fan  deposits. 
Probably  the  most  diagnostic  and  easily  recognized  characteristics 
are  desert  pavement,  desert  vamish,  and  B-horizon  and  calcic- 
horizon  development.  Where  soils  occur  on  erosion  surfaces  cut 
on  alluvial-fan  deposits  rather  than  on  the  original  depositional 


B-4 


Correlation  and  age  of  Quaternary  alluvial- fan  sequences 


Figure  3.  Surface  morphology  and  stream  incision  on  an  intermediate-age  alluvial-fan  deposit,  southern 
Snake  Range,  eastern  Nevada. 


surfaces,  profile  development  only  provides  a  minimum  age  of 
the  deposits;  in  such  cases,  fan  deposits  may  be  much  older  than 
the  soils  suggest. 

In  deposits  that  contain  gravel,  a  desert  pavement  may  de- 
velop with  time.  Young  alluvial-fan  deposits  in  general  lack 
pavements  because  depositional  processes  are  still  active.  Old 
alluvial-fan  deposits  likewise  lack  pavements  because  the  original 
fan  surfaces  have  largely  been  removed  by  active  erosional  proc- 
esses (Fig.  2).  The  presence  of  a  smooth,  well  armored  surface 
generally  indicates  an  intermediate-age  alluvial-fan  surface.  These 
surfaces  have  a  wide  range  in  pavement  and  varnish  develop- 
ment, in  part  owing  to  grain-size  and  regional  climatic  variations 
and  in  part  to  the  wide  age  range  of  the  deposits.  Pavements 
develop  slowly  in  deposits  that  contain  a  small  percentage  of 
gravel,  but  develop  very  quickly  in  gTavelly  deposits  and  may,  in 
fact,  be  found  on  young  fans  composed  of  coarse-grained  allu- 
vium. In  the  case  of  very  gravelly  deposits,  the  smoothness  of  the 
surface  may  be  a  better  indication  of  relative  age  than  is  pave- 
ment development.  The  irregular  bar-and-channel  topography 
common  in  gravelly,  young  alluvial  fans  becomes  progressively 
less    pronounced    with    age   once   the   surface    is   abandoned. 


Intermediate-age  fan  surfaces,  even  in  very  coarse-grained  allu- 
vium, are  generally  quite  smooth  (Figs.  2  and  3). 

With  time,  desert  varnish  will  develop  on  exposed  clasts  in 
pavements.  In  addition  to  age,  the  amount  of  varnish  is  dependent 
on  clast  lithology,  the  availability  of  eolian  dust,  and  the  activity 
of  manganese-concentrating  organisms  (Hunt,  1954;  Engle  and 
Sharp,  1958;  Potter  and  Rossman,  1977,  1979;  Perry  and  Adams, 
1978;  Dorn,  1983).  A  very  dark  varnish  may  develop  on 
pavements  composed  of  metamorphic  and  volcanic  clasts, 
whereas  varnish  may  be  absent  on  pavements  composed  of 
granitic  detritus,  chiefly  quartz  and  potassium  feldspar.  Color  of 
the  parent  rock  is  also  important  because  pavements  composed  of 
dark-colored  clasts  may  appear  more  heavily  varnished  than  they 
actually  are.  Climate  and  vegetation  must  also  be  considered, 
because  on  some  fans  in  the  high  deserts  of  the  Great  Basin 
enough  vegetation  is  present  to  preclude  formation  of  pavement 
and  varnish  (Fig.  3).  Thus,  pavement  and  varnish  development 
may  be  highly  diagnostic  of  units  in  a  particular  area,  but  because 
of  variations  in  grain  size,  clast  lithology,  climate  and  vegetation, 
and  availability  and  composition  of  eolian  dust,  it  may  be  difficult 
to  apply  these  characteristics  to  regional  correlations. 
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The  accumulation  of  pedogenic  calcium  carbonate  in  the  B 
and  C  horizons  and  the  color  and  clay  content  of  the  B  horizon  in 
desert  soils  are  further  characteristics  for  determining  relative  ages 
of  deposits.  Gile  and  others  (1966),  Gileand  Hawley  (1972),  Gile 
( 1 975,  1 977),  Bachman  and  Machette  ( 1 977),  and  Machette  (this 
volume)  discuss  the  progressive  development  of  calcic  horizons  in 
the  Basin  and  Range  of  New  Mexico,  and  Bull  (1974b)  and 
Shlemon  (1978)  present  detailed  discussions  of  the  development 
of  desert  soils  in  southeastern  California  and  southwestern  Ari- 
zona. Young  alluvial-fan  deposits  lack  soil-profile  development 
because  of  their  youth  and  aggrading  conditions.  Old  fans  may 
have  a  strong  soil  profile  where  original  fan  surfaces  are  pre- 
served, but  generally  the  soil  profiles  have  either  been  entirely 
removed  or  partially  truncated.  In  many  instances,  calcium  car- 
bonate clasts  (caliche  rubble)  scattered  on  the  present  surface  give 
evidence  of  the  destruction  of  a  petrocalcic  horizon. 

Intermediate-age  alluvial-fan  deposits  have  varying  degrees 
of  B-horizon  (cambic  to  argillic)  and  calcic-horizon  development 
(Bull,  1974b;  Shlemon  and  Purcell,  1976;  Shlemon,  1978; 
Hoover  and  others,  1981).  Variations  in  thickness  and  degree  of 
soil-profile  development,  particularly  in  the  calcic  horizon,  stem 
from  differences  in  lithology,  availability  of  eolian  material,  cli- 
mate, grain  size,  and  other  factors  as  well  as  age  (Lattman,  1973; 
Bachman  and  Machette,  1977;  Machette,  this  volume).  Thus, 
although  soil  development  can  be  highly  diagnostic  in  helping 
differentiate  alluvial-fan  deposits,  local  variations  in  soil-profile 
development  make  regional  correlations  difficult. 

Morphostratigraphic  Relations 

Geomorphic  and  stratigraphic  relations  between  alluvial-fan 
deposits  and  other  Quaternary  sediments  help  determine  relative 
age  and  in  some  cases  help  bracket  absolute  age.  Alluvial-fan 
deposits  in  the  Basin  and  Range  are  commonly  associated  with 
eolian  sand,  fluvial  terraces,  lacustrine  deposits  and  shoreline  fea- 
tures, and  tephra  and  other  volcanic  deposits.  The  presence  of 
stabilized  eolian  sand  overlying  an  alluvial  fan  may  indicate  that 
the  surface  is  no  longer  active.  Furthermore,  a  geomorphic  fea- 
ture representing  a  local  or  regional  base  level  to  which  an  allu- 
vial fan  is  or  was  graded  may  indicate  relative  age.  For  example, 
in  open  drainage  basins,  successively  older  fans  may  be  graded  to 
successively  higher  stream  terraces.  In  closed,  aggrading  basins, 
bold  surfaces  commonly  grade  below  present  base  level. 

In  many  of  these  closed  basins,  morphostratigraphic  rela- 
tions between  alluvial  fans  and  pluvial  lake  shorelines  and  off- 
shore deposits  may  indicate  relative  age.  Where  stream  terraces 
or  lake  shorelines  extend  for  great  distances,  they  become  useful 
in  regional  correlations.  This  is  exemplified  by  stream  tenaces 
bordering  the  Gila  and  Colorado  Rivers  and  the  shorelines  of 
Lake  Bonneville  and  Lake  Lahontan  (Fig.  1).  Tephra  layers,  such 
as  the  Bishop  ash,  which  are  interbedded  with  alluvial-fan  depos- 
its, also  provide  indications  of  alluvial-fan  age  (Shlemon  and 
Purcell,  1976;  Hoover  and  others,  1981). 


AGE-DATING  OF  DEPOSITS 

Several  workers  have  successfully  correlated  alluvial-fan 
deposits  based  on  relative-age  criteria  in  the  eastern  Mojave  and 
Sonoran  Deserts  of  southeastern  California  and  southwestern 
Arizona  (Bull,  1974b;  Lee  and  Bell,  1975;  Shlemon  and  Purcell. 
1976);  western  Mojave  Desert  of  California  (Ponti  and  others, 
1980;  Ponti,  this  volume);  southern  New  Mexico  (Gile,  1975, 
1977);  southern  Nevada  (Hoover  and  others,  1981);  and  the 
central  Great  Basin  (Christenson  and  others,  1982).  From  these 
localities,  dates  have  been  obtained  to  calibrate  relative-age  crite- 
ria (Table  2). 

Dates  shown  in  Table  2  represent  a  wide  variety  of  tech- 
niques used  to  date  Quaternary  deposits.  In  southeastern  Califor- 
nia and  in  southwestern  Arizona,  Shlemon  and  Purcell  (1976) 
and  Shlemon  (1978)  have  dated  deposits  based  on  detailed  de- 
scriptions of  soil  profiles  and  rates  of  soil-profile  development 
calibrated  from  radiometrically  and  paleomagnetically  dated  sed- 
iments and  from  deposits  of  Bishop  ash  contained  in  the  fan 
material.  Bull  (1974b)  based  his  chronology  on  stratigraphic  and 
geomorphic  relations  of  fans  with  the  Pliocene  Bouse  Formation 
and  Colorado  River  terrace  deposits,  as  well  as  on  Th230-U234 
dating  of  pedogenic  carbonates  (Ku  and  others,  1979).  Lee  and 
Bell  (1975)  also  relied  on  Th230-U234  dates  on  pedogenic  car- 
bonate in  alluvial-fan  deposits  and  on  geomorphic  relations  with 
Colorado  River  terraces  containing  bone  fragments  dated  by 
amino-acid  techniques. 

In  southern  Nevada,  Hoover  and  others  (1981)  used  rela- 
tions between  alluvial-fan  deposits,  ash  beds  (including  the 
Bishop  ash),  and  Quaternary  and  older  basalt  flows  in  dating 
older  fan  deposits.  They  have  also  dated  soils  and  pedogenic 
carbonates  in  younger  units  by  the  uranium-series  and  uranium- 
trend  methods.  The  youngest  units  are  dated  by  correlation  with 
nearby  radiocarbon-dated  packrat  middens  and  Holocene  allu- 
vial sequences.  Similar  methods  were  used  by  Sowers  (1983)  to 
date  deposits  of  the  Kyle  Canyon  alluvial  fan  in  southern  Nevada. 
A  new  technique  utilizing  paleomagnetism  in  pedogenic  carbon- 
ate was  applied  in  dating  older  deposits  (Sowers,  1982). 

In  the  central  Great  Basin,  radiometrically  dated  Lake  La- 
hontan and  Lake  Bonneville  shorelines  and  offshore  deposits  have 
allowed  dating  of  associated  alluvial  deposits.  In  the  Lahontan 
basin,  Hawley  and  Wilson  (1965)  indicate  that  their  older  allu- 
vium predates  Lake  Lahontan  Sehoo  deposits  and  that  the 
younger  alluvium  postdates  these  deposits.  Morrison  (1964, 
1965)  and  Benson  (1978)  indicate  the  time  of  deposition  of  the 
Sehoo  deposits  to  be  between  about  9,000  and  25,000  years  ago. 
In  the  Bonneville  basin,  Christenson  and  others  (1982)  identify 
intermediate-age  alluvial-fan  deposits  that  predate  the  transgres- 
sion of  Lake  Bonneville  to  the  Bonneville  shoreline,  which  had 
probably  occurred  by  about  16,000  years  ago  (Currey,  1982). 
The  young  deposits  postdate  abandonment  of  the  Bonneville 
shoreline  about  14,000  years  ago  (Currey,  1982),  and  in  many 
cases  postdate  the  rapid  recession  of  Lake  Bonneville  to  lower 
levels  as  well. 
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Correlation  and  age  of  Quaternary  allu  vial- fan  sequences 

TABLE  2.  CORRELATION  OF  ALLUVIAL-FAN  UNITS  AND  THEIR  ESTIMATED  AGES  IN  YEARS  3EF0RE  PRESENT, 

BASIN  AND  RANGE  PROVINCE 


American  Southwest 

Christenson  and 

Purcel I 

(this  study) 


Unit 


Age 


Southeastern  California  and  Southwestern  Arizona 


Eastern  Mo ja ve , 

Cal  i  f orn  i  a ; 

Shelmon  and 

Purcell  (1976) 

Un  1  t       Age 


Eastern  Mo j  a ve , 

Cal i  f  orn  i  a ; 

Bull  (1974b) 


Unit 


Age 


Colorado  River,  Arizona 
and  Cal i  f orn  i  a ; 
Lee  and  Bell  (1975) 


Uni  t 


Age 


Young 


Inter  - 
med l ate 


Old 


0  to  10,000- 
15,000 

10,000-15,000 
to  500,000- 
700,000 

>500,000- 

700,000 


Ql 

0 

Q4 

0 

Qal  , 

Of 

<10,000 

02 

0-15,000 

03 

<11 ,000 

03 

15,000  to 

500,000- 

700,000 

02 

11 ,000- 
200,000 

Qfc 

30,000- 
100,000 

04 

>500 ,000 

01 

500,000- 

QTfc 

,  QTfa 

>500,000 

>1  ,500,000 


Nevada  Test  Site; 

Hoover  and  others 

(1981)  and  Hoover 

(pers.  commun.,  1983) 

Unit  Age 


Great  Basin  (Nevada  and  Utah) 


Kyle  Canyon, 

Southern  Nevada; 

Sowers  (1983  and 

pers.  commun.,  1983) 

Un  i  t  Age 


Lake  Bonnev  i 1  le 
Bas  ins 
Christenson  and 

others  (1982) 
Unit       Age 


Lake  Lahontan  Basin^, 
Winnemucca  area; 
Hawley  and  Wilson 
(1965) 
Un  i  t  Age 


01 

<  8,000- 
12,000 

Sur  face 

4 

0-7,000 

02 

110,000- 
>730,000 

Sur  face 

3 

7,000- 
35,000 

Sur  face 

2 

100,000 
300,000 

Qta 

900,000- 
1,  100,000 

Sur  face 

1 

>700,000 

A5y     <14,000 


A5i 


>16,000 


Younger 


Older 


<9,000 


>26,000 


^Lake  Bonneville  chronology  from  Currey  (1982) 

2Lake  Lahontan  chronology  from  Morrison  (1964,  1965)  and  Benson  (1978) 


CONCLUSIONS 

From  studies  throughout  the  Basin  and  Range,  we  group 
alluvial-fan  deposits  into  young,  intermediate,  and  old  units  and 
suggest  that  these  are  identifiable  and  correlative  throughout  the 
province.  Dates  shown  in  Table  2  indicate  that  young  alluvial 
fans  are  generally  Holocene  or  slightly  older  (less  than  10,000  to 
15,000  years),  intermediate-age  alluvial  fans  cover  a  broad  range 
from  late  to  middle  Pleistocene  (10,000  to  700,000  years), 
whereas  old  alluvial  fans  are  older  than  500,000  years  and 
represent  deposition  during  the  early  Pleistocene  and  late 
Tertiary. 

The  climatically  controlled  deposition  of  young  (Holocene) 
alluvial  fans  has  been  discussed  by  Bull  (1974a)  and  Wells 
(1977).  However,  where  young  alluvial-fan  deposits  have  been 
dated  on  the  basis  of  their  occurrence  below  a  particular  pluvial 
lake  level  (Christenson  and  others,  1982)  or  on  their  occurrence 
stratigraphically  above  a  particular  lake  deposit  (Hawley  and 
Wilson,  1965),  they  cannot  be  interpreted  as  direct  evidence  of 
climatically  induced  change  in  alluvial-fan  deposition.  The  depo- 


sition of  these  young  alluvial-fan  deposits  is  a  consequence  of 
lowered  lacustrine  base  levels  and  is  therefore  only  indirectly 
related  to  climatic  change. 

Regional  climatic  control  over  deposition  of  intermediate- 
age  alluvial  fans  is  less  straightforward.  These  fans  include  a  great 
vanety  of  deposits  which  span  a  period  of  well-documented  cli- 
matic change  (late  and  middle  Pleistocene  time).  Although  these 
climatic  changes  resulted  in  several  distinct  levels  of  intermediate- 
age  alluvial  fans  recognizable  locally,  our  data  are  insufficient  to 
attempt  regional  correlations  of  different  fan  levels.  Old  fans  pre- 
sent a  similar  problem.  Nevertheless,  the  general  correlation  in 
age  of  deposits  with  similar  morphologies  and  soil  development 
throughout  the  Basin  and  Range  indicates  that,  within  a  certain 
range  of  variability,  regional  correlation  and  general  age  assign- 
ment (Holocene  versus  late  to  middle  Pleistocene  versus  early 
Pleistocene)  are  possible.  We  hope  that  this  tentative  chronology 
will  be  further  refined  as  more  detailed  alluvial-fan  chronologies 
are  worked  out,  particularly  those  dealing  with  intermediate-age 
fan  deposits. 
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INTRODUCTION 

The  Mesquite  Mining  District  lies  on  the  southern  piedmont  flanks  of  the  Chocolate 
Mountains  in  southeastern  most  California,  some  60  km  east  of  the  Sal  ton  Sea  and  about  50 
km  northwest  of  Yuma,  Arizona  (Fig.  1).  This  range  is  part  of  the  eastern  margin  of  the 
Salton  Trough,  the  locus  of  active  faulting  along  the  modem  San  Andreas  fault  system 
(Crowell,  1979)  and  the  locale  for  this  field  trip  (Fig.  1).  Inactive  strands  of  the  Neogene 
San  Andreas  fault  system  cut  the  Chocolate  Mountains  (Dillon,  1976;  Crowell,  1979). 

Production  from  the  Mesquite  Mining  district  began  in  1985  and  is  now  one  of  the 
largest  producers  of  gold  in  California  (Burnett,  1990).  Announced  economic  reserves 
(Gold  Fields  Operating  Co.,  1990)  are  93.7  million  short  tons  at  an  average  grade  of  0.033 
troy  ounces  per  short  ton.  The  Oligocene  gold  orebodies  that  constitute  the  mining  district 
formed  in  an  epithermal  environment  and  are  hosted  by  gneiss  and  granite  of  Mesozoic  age 
(see  below).  This  part  of  the  field  trip  examines  the  setting  of  epithermal  gold 
mineralization  in  the  mining  district.  The  structural  control  on  the  orebodies  is  the  primary 
focus  of  the  field  trip  and  we  will  examine  some  of  the  evidence  supporting  the 
interpretation  of  a  dextral  strike-slip  control  on  the  mineralization  (Willis  and  others,  1987, 
1989;  Manske  and  F.immrii,  1989).  Another  structural  model  links  the  formation  of  the 
gold  orebodies  to  Tertiary  extensional  deformation  and  related  detachment  faulting 
(Drobeck  and  others,  1986;  Frost  and  others,  1986).  In  addition,  the  effects  of  post- 
mineral  faulting  on  the  orebodies  will  be  outlined. 

Stop  1:  Regional  Geologic  Setting  and  Overview 

The  Cargo  Muchacho  Mountains  to  the  southeast  (135°)  (Fig.  IB)  are  composed  of 
plutonic,  volcanic,  and  sedimentary  rocks  of  primarily  Jurassic  age  (Murphy  and  others, 

1 
C-l 


Fig.  1.  (A)  Location  of  the  Mcsquite  Mining  District  in  southern  California.  (B) 
Location  of  the  Mcsquite  Mining  District,  southeastern  Chocolate  Mountains,  and  nearby 
active  gold  mines  and  prospects  in  southeastemmost  California. 


1990);  less  common  rocks  include  Proterozoic  gneiss,  metamorphosed  Paleozoic 
sedimentary  rocks,  and  Late  Cretaceous  granite.  Within  the  Cargo  Muchacho  Mountains 
are  located  the  mines  of  the  American  Girl  Mining  Joint  Venture,  a  50/50  joint  venture 
between  Eastmaque  Gold  Mines  Ltd.  and  Morrison  Knudsen  Corporation  with  the  latter  as 
operator.  Gold  is  being  mined  at  a  rate  of  approximately  6000  ounces  per  month  from  a 
combination  open  pit  and  underground  mining  operation  (American  Girl  Mining  Joint 
Venture,  1990).  Also  within  the  range  are  the  historic  underground  workings  of  the 
Tumco  area,  which  are  also  being  explored  by  the  American  Girl  Joint  Venture.  The 
orebodies  in  the  Cargo  Muchacho  Mountains  formed  during  several  episodes  of 
mineralization  that  accompanied  (1)  prograde  metamorphism  and  plutonism,  (2)  retrograde 
metamorphism,  and  (3)  brittle  faulting  (Morton,  1977;  Drobeck  and  others,  1986; 
Branham,  1988;  Borrastero,  1990). 

To  the  east  (1 10°)  (Fig.  IB),  near  the  Colorado  River,  stands  the  butte-like  Picacho 
Peak.  On  the  far  side  of  Picacho  Peak  is  the  Picacho  Mine.  Glands  Gold  Inc.,  through  its 
subsidiary,  Chemgold  Inc.,  is  mining  gold  from  a  hematitic  rubble  zone  in  the  Picacho 
Mine.  Historic  underground  mining  there  was  concentrated  along  moderately  to  steeply 
dipping  veins  and  breccias  (Morton,  1977).  Present  mining  is,  in  part,  along  the  shallow- 
dipping  contact  between  the  overlying  Oligocene  volcanic  rocks  and  the  underlying  Jurassic 
gneisses  (Drobeck  and  others,  1986;  Liebler,  1988).  This  deposit  has  been  related 
structurally  to  a  nearby  detachment  fault,  and  the  low-angle  contact  between  the  volcanic 
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rocks  and  gneisses  in  the  open  pits  has  been  interpreted  as  a  detachment  fault  (Drobeck  and 
others,  1986;  Liebler,  1988).  However,  the  low-angle  faults  in  the  open  pit  is  post-mineral 
and  crosscuts  the  volcanic  rocks  overlying  the  mineralized  zone  (G.F.  Willis,  unpublished 
data,  199 1 ).  Gold  production  at  the  Picacho  Mine  is  on  the  order  of  22,000  ounces  per 
year,  with  current  reserves  at  about  6  million  tons  grading  0.037  ounces  per  ton  (Chemgold 
Inc.,  1990). 

To  the  east  (1 10°)  (Fig.  IB)  is  Black  Mountain  which  is  capped  by  middle  Miocene 
basalt  (Crowe,  1978)  (Figs.  IB  and  2).  The  Indian  Pass  and  the  Indian  Rose/Ocotillo  gold 
prospects  are  located  to  the  southeast  of  Black  Mountain.  The  Indian  Rose/Ocotillo 
prospect  is  being  explored  under  a  joint  venture  agreement  between  Bema  Gold  and  Glamis 
Gold  Inc.  A  geological  reserve  of  5.1  million  tons  at  0.023  ounces  gold  per  short  ton  has 
been  announced  (Burnett,  1990).  Gold  mineralization  at  the  prospect  occurs  in  a  block  of 
Mesozoic  gneiss.  The  block  is  rootless,  being  covered  by  60  to  90  m  of  Tertiary 
sedimentary  rocks  and  also  underlain  by  Tertiary  sedimentary  rocks.  One  possible 
interpretation  of  this  relationship  is  that  the  gneiss  has  been  structurally  superposed  over  the 
sedimentary  rocks  during  post-mineral  faulting.  An  example  of  this  type  of  structural 
geometry  will  be  examined  at  Stop  5. 

To  the  southwest  (225°)  (Fig.  IB)  beneath  the  Algodones  Dunes  is  the  Sand  Hills  fault 
(Fig.  1).  This  fault  is  one  of  the  easternmost  faults  that  form  the  margin  of  the  Salton 
Trough. 

Along  the  skyline  to  the  north  (000°)  (Figs.  IB  and  2)  arc  the  Chocolate  Mountains 
which  are  underlain  by  an  anticlinorium.  The  anticlinorium  is  a  composite  Late  Cretaceous 
and  Tertiary  structure  consisting  of  the  Orocopia  Schist  overlain  along  the  south  by  the  Late 
Cretaceous  Chocolate  Mountains  thrust  and  its  upper  plate  of  Proterozoic,  Paleozoic,  and 
Mesozoic  crystalline  rocks  and  along  the  north  by  low-  to  moderately-dipping  Late 
Cretaceous(?)  and  Tertiary  exhumation  faults  and  their  upper  plate  of  crystalline  rocks  and 
Tertiary  volcanic  rocks  (Haxel  and  Tosdal,  1986;  Dillon  and  others,  1990;  Richard  and 
Haxel,  1991 ).  Intruding  the  Orocopia  Schist  is  the  granite  of  Mount  Barrow  of  latest 
Oligocene  (Frost  and  others,  1989)  or  earliest  Miocene  age  (Miller  and  Morton,  1977). 
Dillon  (1976)  argued  that  the  granite  is  genetically  related  to  the  volcanic  rocks  in  the  range 
though  this  relationship  is  difficult  to  document.  Abundant  miarolitic  cavities  in  the  granite 
indicate  a  shallow  intrusion  depth  of  less  than  a  few  km  (Dillon,  1976). 

The  piedmont  slopes  along  the  southern  flank  of  the  Chocolate  Mountains  consist  of 
several  fault  blocks  composed  of  distinct  rock  units  at  the  surface  (Fig.  2).  The 
northernmost  fault  block  consists  of  dacitic,  latitic,  and  rhyolitic  lavas,  dome,  hypabyssal 
intrusions,  and  tuffs  (Dillon,  1976),  that  form  the  informally  named  Quechan  volcanic 
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Fig.  2.  Areal  geologic  map  of  southeastern  Chocolate  Mountains  modified  from  Dillon 
(1976)  and  from  T  and  sat  Thematic  Mapper  image  provided  by  R.G.  Blom  of  the  Jet 
Propulsion  Laboratory,  California  Institute  of  Technology. 

rocks  of  Crowe  (1978).  Elewhere  in  the  region,  the  volcanic  rocks  unconfomably  overlie 
Mesozoic  granitic  and  gneissk  rocks  that  form  the  upper  plate  of  the  Chocolate  Mountains 
thrust  (Dillon,  1976).  Available  K-Ar  geochronology  indicates  that  the  volcanic  rocks  are 
between  about  32  and  26  Ma  (summarized  by  Sherrod  and  Tosdal,  1991),  or  essentially  the 
same  age  as  the  orebodies  in  the  Mesquite  Mining  District  (see  below).   It  has  been  argued 
that  these  Oligocene  igneous  rocks,  including  the  granite  of  Mount  Barrow,  provided  the 
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Fig.  3.  Generalized  geology  of  the  Mesquite  Mining  District  prior  to  the 
commencement  of  mining.  Outline  of  economic  mineralization  on  the  piedmont  closely 
correlates  with  the  various  orebodies  define  within  the  mining  district  Mapping  by  G .F. 
Willis  (1986-1991).  Location  of  faults  beneath  the  alluvium  is  based  on  subsurface 
bedrock  mapping  based  on  the  results  of  exploration  drilling  to  the  end  of  1990. 


beat  to  drive  the  hydrothermal  circulation  that  resulted  in  the  orebodies  in  the  Mesquite 
Mining  District  (Willis,  1988a;  Manske  1990, 1991),  even  though  intrusive  rocks  of  this 
tge  are  yet  to  be  found  in  the  mining  district. 

To  the  south  across  other  faults  are  a  block  of  Jurassic  granitic  rocks  on  the  north  and 
t  block  of  metasedimentary  rocks  of  the  Jurassic(?)  Winterhaven  Formation  on  the  south 
(Figs.  2  and  3)  (Dillon,  1976;  Frost  and  Watowich,  1987).  Exploration  drilling  through 
the  Winterfiaven  Formation  encountered  mafic  gneiss  at  depth  similar  to  that  found  within 
the  Mesquite  Mining  district,  Elsewhere  in  the  region,  the  Winterhaven  Formation  is 
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separated  from  gneissic  rocks  by  low-angle  normal  fault(s)  of  Late  Cretaceous  and  early 
Tertiary  age  (Haxel  and  others,  1985). 

Across  another  fault  to  the  south  are  quartzofeldspathic  gneiss  and  granite  that  host  the 
gold  orebodies  in  the  Mcsquite  Mining  District  (Figs.  2  and  3).  These  rocks  are  bounded 
on  the  south  by  a  buried  fault  (Willis,  1988b).   Within  the  mining  district,  contacts 
between  most  gneiss  units  are  moderately  and  steeply  dipping  brittle  faults  characterized  by 
gouge  and  fault  breccia  (Willis,  1988a).  One  unit  consists  of  muscovite  schist  and  gneiss 
which  grades  structurally  downward  into  bioute  gneiss;  these  rocks  compose  much  of  the 
Big  Chief  open  pit  and  contain  the  highest  gold  grades.  The  muscovite  schist  and  gneiss 
are  barren.  Homblende-biotite  augen  gneiss  forms  another  unit  that  contains  mineralization 
in  all  open  pits.  Mafic  and  biotite-rich  gneiss  compose  the  third  major  unit  and  is 
unmineralized.  U-Pb  geochronology  indicates  the  protoliths  of  the  gneiss  units  are  largely 
of  Jurassic  age  though  complex  crystallization  histories  preclude  precise  age  determinations 
(Tosdal  and  others,  1985;  R.M.  Tosdal,  unpublished  data,  1985-1990).  Metamorphic 
mineral  assemblages  indicate  that  the  gneiss  was  deformed  at  amphibolitc  fades  conditions. 
A  coarse-grained  muscovite  granite  of  Early  Cretaceous  age  (105+10  Ma)  (R.M.  Tosdal, 
unpublished  data,  1986-1990)  intrudes  the  gneisses  as  stocks  and  sills.  Foliation  parallel 
and  mildly  deformed  leucogranite,  aplite,  and  pegmatite  sills,  also  of  Cretaceous  age  (D.M. 
Frost  in  Frost  and  Watowich,  1987;  R.M.  Tosdal,  unpublished  data,  1986-1990),  are 
common  throughout  the  gneiss.  Foliation  in  the  gneiss  dips  gently  (<30°). 

Miocene  and  Pliocene(?)  sandstone,  conglomerate,  siltstone,  and  sparse  interbedded 
basalt  unconformably  overlie  the  gneissic  rocks  in  the  mining  district  (Fig.  3)  (Manske  and 
others,  1987;  Willis,  1988a,  b).  These  rocks  are  considered  equivalent  to  the  Miocene  and 
Plioccne(?)  conglomerate  of  Bear  Canyon  (Dillon,  1976;  Crowe,  1978),  a  widespread  and 
poorly  understood  unit  in  southeastern  California.  Unconsolidated  Quaternary  alluvium  on 
pediments  and  in  the  washes  cover  most  of  the  rocks. 

Late  Cenozoic  faults  along  the  southern  flank  of  the  Chocolate  Mountains  generally  dip 
steeply  and  in  map  pattern  are  ctirvilinear  (Fig.  2)  (Dillon,  1976).  In  the  vicinity  of  the 
Mcsquite  Mining  District,  the  traces  of  the  major  faults  strike  westerly  across  the 
pediments.  The  fault  traces  bend  toward  northwest  strikes  to  the  northwest  and  to 
northeast  strikes  to  the  northeast  of  the  district.  Bedding  within  the  Oligoccne  tuffaceous 
locks  also  reflects  the  bends,  though  the  data  are  not  systematic  and  there  are  dip  reversals 
and  folds  (Dillon,  1976).  Manske  and  others  (1987)  suggest  that  the  fault  that  bounds  the 
mining  district  on  the  norm  had  some  dextral  slip.  However,  the  magnitude  and  sense  of 
displacement  on  most  of  the  major  faults  is  unknown,  but  could  be  as  much  as  several 
kilometers  because  of  lithologic  mismatches  across  the  faults.  Throughout  the  Chocolate 
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Fig.  4.  District-scale  fault  map  showing  orcbodics  in  their  present  configuration. 
Known  faults  within  open  pits  are  based  upon  their  exposure  as  mining  has  progressed. 
Location  of  inferred  faults  throughout  mining  district  is  based  on  the  results  of  exploration 
drilling. 


Mountains,  left-separation  and  left-lateral  strike-slip  faults  with  northeast  and  easterly 
strikes  offset  the  northwest-striking  faults,  lithologic  contacts,  and  the  Chocolate 
Mountains  thrust  (Dillon,  1976)  (Fig.  2).  Northeasterly  striking  faults  dissect  the 
orebodies  in  the  Mesquite  Mining  District  where  they  are  largely  post-mineralization  and  cut 
northwest  striking  faults  that  are  mineralized  (Figs,  3  and  4)  (Stop  5). 

At  least  two  ages  of  fault  movement  can  be  documented.  The  oldest  was 
contemporaneous  with  formation  of  the  orebodies  in  the  Oligocene,  as  gold  mineralization 
fills  these  faults.  Primarily  northwesterly  and  northerly  striking  faults  moved  at  this  time 
(Willis,  1988a).  The  second  episode  occurred  after  about  1 1  Ma  as  the  middle  Miocene 
and  Pliccene(?)  sedimentary  rocks  and  basalt  are  cut  by  these  faults.  Movement  at  this  time 
was  primarily  along  northeasterly-striking  left-lateral  oblique-slip  faults;  the  older 
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northwest-striking  mineralized  faults  were  reactivated  at  this  time.  It  seems  likely  that  this 
episode  of  faulting  is  related  to  the  evolution  of  the  San  Andreas  fault  system  and  the 
opening  of  the  Salton  Trough  since  the  middle  Miocene  (Crowell,  1979).  The  tectonics  of 
the  older  episode  of  faulting  that  occurred  during  mineralization  is  problematic. 

The  conspicuous  feature  of  the  Mesquite  Mining  District  seen  from  here  is  the  Big 
Chief  open  pit  (Figs.  3  and  4).  The  long  axis  of  the  pit  trends  roughly  315°,Vhich  is  the 
general  trend  of  mineralization  throughout  the  district.  Farther  to  the  southeast  is  the  Vista 
open  pit.  The  Big  Chief  and  Vista  open  pits  will  be  connected  as  mining  proceeds  along 
the  northwesterly  Lena/Gold  Bug  trend.  Mining  here  will  begin  in  1993. 

To  the  northeast  across  a  block  of  unmineralized  mafic  gneiss  arc  the  Cherokee- 
Rainbow  orebodies.  The  Cherokee  open  pit,  the  northern  orebody,  was  mined  out  in  1988. 
It  contained  approximately  1.7  million  tons  of  gold  ore  at  0.033  troy  ounces  per  ton.  To 
the  southeast  of  it  is  the  Rainbow  orebody,  which  is  currently  in  the  pre-production  phases 
of  stripping. 

MINERALIZATION 

Gold-bearing  veins  in  the  Mesquite  Mining  District  formed  in  an  epithermal  setting 
within  a  few  hundred  meters  of  the  surface  (Manske  and  others,  1987;  Willis,  1988a,  b; 
Manske  and  Einaudi,  1989;  Manske,  1990).  The  veins  are  moderately  to  steeply  dipping 
and  are  fault  controlled.   K-Ar  ages  for  sericite  (Willis,  1988a)  and  ^Ar/^Ar  ages 
between  32  and  26  Ma  (Frost,  1990)  indicate  an  Oligocene  age  of  mineralization. 

Two  vein  types  contain  gold  in  the  mining  district.  Quaitz^yrite+adularia+electrum 
veins  with  weakly  sericitic  selvages  are  the  principal  gold-bearing  structures  in  the  Big 
Chief  open  pit  (Willis,  1988a,  b;  Manske,  1990, 1991).  Two  stages  of  quartz-cemented 
breccias  are  contemporaneous  with  the  veins  and  are  common  in  the  parts  of  the  pits  with 
the  highest  gold  grades  (Willis,  1988a;  Manske,  1990).  Some  quartz  veins  grade  into 
chalcedonic  veins.  A  second  type  are  gold-bearing  ankerite-dolomite-pyrite  veins  form  the 
orebodies  in  the  Cherokee  and  Vista  open  pits  where  quartz  veins  are  relatively  minor. 
Gold-bearing  ankeritc-dolomite  veins  also  post-date  quartz  and  some  chalcedonic  veins  in 
the  Big  Chief  open  pit  (Willis,  1988b).  In  contrast  to  this  paragenesis,  Manske  (1990) 
argues  that  ankeritc-dolomite  veins  in  the  Big  Chief  open  pit  are  gold-bearing  only  where 
they  occupy  reopened  older  auriferous  quartz  veins.  Barren  calcite  veins  cut  the 
mineralized  veins  in  the  Big  Chief,  Cherokee,  and  Vista  open  pits,  and  still  younger 
chalcedonic  vein  cut  calcite  veins  at  least  in  the  Big  Chief  pit  (Manske,  1990).  Weakly 
anomalous  concentrations  of  Au,  Ag,  As,  Sb,  Hg,  W,  Zn,  and  Te  were  sporadic  in  surface 
rock  samples  prior  to  mining  (Tosdal  and  Smith,  1987). 
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Vein  deposition  occurred  by  episodic  open  space  filling  as  evinced  by  vuggy  and  comb 
quartz  and  carbonate  minerals,  by  multiple  banding  of  veins,  and  by  clasts  of  veins  and 
breccia  in  other  breccias  (Manske  and  Einaudi,  1989;  G.F.  Willis,  unpublished  data,  1986- 
1991),  Veins  range  from  micro-cracks  to  breccias  that  are  6  m  thick.  Weak  sexicitization 
of  host  rocks  accompanied  gold  mineralization  (Manske  and  others,  1987;  Willis,  1988a,  b; 
Manske,  1990).  Fluid  inclusion  data  from  the  Big  Chief  open  pit  indicate  that  electrum  was 
deposited  in  quartz  veins  and  breccias  from  a  boiling,  C02-bearing  solution  of  roughly  1 
weight  percent  Nad-equivalent  in  salinity  with  a  temperature  between  210°  and  225°C 
(Manske,  1990, 1991).  Based  on  the  fluid  inclusion  data,  Manske  and  others  (1987) 
estimated  that  the  quartz  veins  in  the  Big  Chief  open  pit  formed  at  a  depth  of  200  to  300  m. 

Northwesterly,  northerly,  and  westerly  striking  mineralized  faults  and  veins  are  the 
structural  trends  throughout  the  district  (Fig.  4)  (Willis,  1988b).  The  relative  importance  of 
one  set  of  mineralized  structures  versus  another  set  differs  between  ore  bodies.  For 
example,  the  northwesterly  and  northerly  sets  are  important  in  Big  Chief  and  Vista  open 
pits,  whereas  the  northwesterly  and  westerly  are  important  in  the  Cherokee  open  pit.  As 
noted  previously  many,  but  not  all,  of  the  mineralized  faults  have  been  reactivated,  thereby 
converting  the  mineralized  structures  to  clay  gouge  and  rnicrobreccia.  No  new 
hydrothermal  mineralization  accompanied  this  last  movement. 

Stop  2:  Mineralization  in  the  Big  Chief  orebody 

The  southeastern  end  of  the  Big  Chief  orebody  contains  an  example  of  the  important 
structural  controls  on  gold  mineralization  in  the  mining  district.  The  mineralization  here  lies 
in  upward-diverging  mineralized  faults  and  veins  (Figs.  3  and  5A)  that  geometrically 
resemble  a  positive  flower  structure  like  those  common  in  strike-slip  fault  systems 
(Harding,  1985).  The  flower  structure  is  approximately  parallel  to  the  axial  surface  of  an 
upright  fold  in  the  foliation  in  the  gneiss.  All  vein  types  are  present  on  the  open  pit  wall. 

In  detail,  the  southeast  corner  of  the  open  pit  consists  of  homblende-biotite  au gen 
gneiss  that  in  general  is  poorly  mineralized,  though  locally  the  gneiss  is  cut  by  some  high- 
grade  veins.  The  gneiss  lies  in  the  footwall  of  a  southwest-dipping  fault  which  contains 
biotite  gneiss  in  the  hanging  wall;  this  fault  is  the  northeast  margin  of  the  flower  structure. 
Other  faults  are  present  across  the  pit  wall,  and  the  southwest  margin  of  the  flower 
structure  is  formed  by  a  northeast-dipping  fault  which  contains  biotite  gneiss  in  the  hanging 
wall  and  footwall.  Each  fault  has  been  reactivated  subsequent  to  mineralization  and  is  now 
characterized  by  gouge  derived  from  veins  and  stockworks.  This  post-mineral  faulting  has 
downdropped  Tertiary  sedimentary  rocks  against  gneiss. 
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Fig.  5.  (A)  Positive  flower  structure  in  the  southeastern  end  of  Big  Chief  open  pit.  (B) 
Flower  structure  in  the  west  end  of  the  Cherokee  open  pit.  Mineralized  faults  that  compose 
the  flower  structures  on  the  bench  faces  are  solid  lines  and  on  the  bench  floors  are  dashed. 
Foliation  in  the  host  gneiss  is  shown  by  dotted  lines.  Benches  are  20  ft  (6.1  in)  high. 


The  northeast  fault  of  the  flower  structure  is  a  major  locus  of  gold  mineralization  in  the 
Big  Chief  orebody  and  forms  a  pan  of  the  high  grade  core  of  the  ore  body.  A  major  zone 
of  high  grade  (£0.10  troy  ounce  Au  per  short  ton)  mineralization  that  ranges  from  less  than 
a  foot  to  tens  of  feet  in  width  lies  in  the  hanging  wall  of  the  northeast  margin  of  the  flower 
structure.  Multiple  high-grade  quartz  and  carbonate  veins  are  present  in  the  fault  Gold- 
bearing  veins  extend  into  the  hanging  wall  as  a  stockwork.  Veins  are  extensive  in  the 
hanging  wall  of  all  faults  in  the  flower  structure,  as  well  as  throughout  the  open  pits  in  the 
mining  district  (G.F.  Willis,  unpublished  mapping,  1986-1991;  Manskc  and  Einaudi, 
1989;  Manskc,  1991). 

Stop  3:    Cherokee  open  pit  overview 

The  west  end  of  the  Cherokee  open  pit  offers  another  cross  sectional  view  of  the  fault 
control  on  gold  mineralization  in  the  mining  district  (Fig.  3).  The  Cherokee  orebody  lies  in 
a  dilational  jog  (Sibson,  1987)  bounded  by  faults  in  the  north  and  south  walls  (Fig.  5B). 
Mineralization  occurred  in  upwardly-diverging  faults  and  veins  that  form  a  flower  structure 
crosscutting  homblende-biotite  augen  gneiss.  Ore-grade  mineralization  in  the  upper 
benches  was  laterally  distributed  from  the  north  wall  to  the  south  wall*  in  a  discontinuous 
zone  up  to  400  ft  (120  m)  wide.  With  depth,  the  mineralized  zone  narrowed  toward  a 
central  core  of  the  pit,  with  the  ore  grade  gold  mineralization  being  confined  to  a  30- ft  (9.1 
m)  wide  stem  that  was  mined  with  a  bulldozer  to  extract  the  last  remnants  of  economic 
mineralization. 
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Fig.  6.  Structural  map  of  the  diversion  ditch  along  the  northeast  margin  of  the  district 
block.  Also  shown  are  simplified  diagrams  of  the  fracture  and  fault  patterns  in  extensional 
and  contractional  duplexes  as  adapted  from  Swanson  (1990). 


Stop  4:    Diversion  ditch— Small  scale  model  of  the  Mesquite  Mining  District 

A  flood  diversion  ditch  excavated  during  1989  along  the  northern  margin  of  the  district, 
northwest  of  the  Rainbow  orebody  and  east  of  Cherokee  open  pit  (Fig.  3),  exposed  an 
anastomosing  fault  system  and  accompanying  ferroan  carbonate  veins  and  mineralized 
faults.  Here,  two  braided  fault  zones,  both  of  which  dip  steeply,  bound  a  block  cut  by 
numerous  faults  and  fractures  (Fig.  6).  The  braided  fault  zones  are  northwesterly  striking 
and  consist  of  numerous  lozenges  of  intact  rock  that  are  bounded  by  faults  commonly  filled 
with  brown  carbonate  minerals.  Internal  fracturing  and  veining  of  lozenges  is  pervasive. 
Deformation  is  interpreted  to  have  been  most  intense  along  the  braided  zones.  Between 
them,  steeply  dipping  faults  consist  of  northwesterly  striking  faults  of  various  orientations, 
northerly  striking  faults  that  commonly  are  short  segments  connecting  northwesterly 
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striking  faults,  and  a  few  faults  that  strike  northeasterly  and  in  several  sites  define  the  ends 
of  competent  rocks  such  as  pegmatites.  Faults  within  each  set  have  opposing  dips. 

The  fault  partem  in  the  ditch  is  divided  into  a  two  domains,  which  geometrically 
resemble  contractional  or  extensional  duplexes  in  map  view  (Swanson,  1990).  A 
contracrional  duplex  lies  at  the  northwest  end  of  the  ditch  whereas  an  extensional  duplex 
forms  the  southeast  end.  Within  these  duplexes  the  relative  orientations  of  the  northwest 
trending  faults  are  slightly  different  with  the  general  trends  being  more  northerly  in  the 
extensional  duplex  than  in  the  contractional  duplex.  Moreover,  carbonate  veins  along  the 
faults  and  intra- fault  blocks  are  more  abundant  within  the  extensional  strike-slip  duplexes 
as  would  be  expected  because  of  increased  dilatancy .  The  map-view  geometry  of  the  two 
duplexes  is  consistent  only  with  dextral  simple  shear. 

The  diversion  ditch  can  be  used  as  a  model  of  the  structural  complexity  and  its 
influence  on  the  distribution  of  mineralization  in  the  Mesquite  Mining  District  In  this 
model,  the  gold  orebodies  would  be  located  in  the  area  between  the  two  braided  fault  zones 
in  extensional  and  contractional  duplexes  and  in  dilational  and  antidilarional  jogs  (Sibson, 
1987).  Extension  duplexes  and  diladonal  jogs  would  be  most  favorable  for  the  influx  of 
hydrothermal  fluids  whereas  contractional  duplexes  and  antidilarional  jogs  would  be  less 
favorable  for  mineralization.  This  is  precisely  the  situation  seen  in  the  Big  Chief  open  pit 
where  the  southeast  and  narrow  part  of  the  open  pit  is  occupied  by  a  positive  flower 
structure  (Stop  2),  an  area  of  relative  contraction,  and  the  widely  dispersed  mineralization 
in  the  northern  end  of  the  open  pit  is  comparable  to  a  composite  diladonal  jog,  an  area  of 
relative  extension  (Manske,  1991;  GJ\  Willis  and  R.M.  Tosdal,  unpublished  data,  1991). 
It  is  critical  to  recognize  that  both  types  of  duplexes  and  fault  jogs  are  mineralized  in  the 
mining  district  and,  though  they  are  geometrically  similar  to  one  another,  each  structure  has 
a  different  implication  for  future  exploration,  particularly  where  post-mineral  faulting  has 
been  important. 

POST-MINERAL  FAULTING 

Post-mineral  faulting  has  reactivated  many  mineralized  faults,  particularly  in  the  Big 
Chief  and  Vista  open  pits.  Reactivation  of  mineralized  structures  is  relatively  minor  in  the 
Cherokee  open  pit  where  veins  are  coated  with  a  thin  film  of  clay  or  gypsum.  The 
reactivated  faults  pass  upward  through  the  orebodies  and  in  many  case  downdrop  post- 
mineral  sedimentary  rocks  and  basalt  against  mineralized  gneiss.  Two  fault  sets  are 
evident,  both  of  which  are  primarily  steeply  dipping.  Where  moderate  to  shallowly  dipping 
faults  occur,  they  are  controlled  locally  by  the  gentle  dipping  foliation  in  the  gneiss  and 
generally  these  faults  steepen  with  depth. 
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The  northwesterly  to  northerly  striking  post-mineral  faults  follow  older  mineralized 
structures  in  the  Big  Chief  and  Vista  open  pits.  The  sense  of  movement  along  most 
northwest-striking,  reactivated  faults  is  dependent  upon  the  dip  direction  of  the  older  faults, 
though  most  faults  have  normal  separations.  For  example,  the  northeast  side  of  northeast- 
dipping  faults  is  downdropped,  whereas  the  southwest  side  of  southwest-dipping  faults  is 
downdropped  (Fig.  5A).  Other  faults  have  more  complicated  displacements.  The 
southwest  margin  of  the  Big  Chief  open  pit  in  its  upper  benches  was  defined  by  a 
shallowly  southwest-dipping  thrust  complex  in  which  muscovite  schist  is  superposed  over 
gneiss  and,  in  places,  over  Miocene  sedimentary  rocks.  Thrust  fault  duplexes  formed  of 
alternating  layers  of  sedimentary  rocks  and  muscovite  schist  are  present.  The  thrust  faults 
steepen  with  depth.  Other  northwest-striking  and  steeply  southwest-dipping  faults 
superpose  gneiss  over  the  Miocene  sedimentary  rocks  in  a  thrust  sense  though  in  many 
cases  the  inclined  clayey  gouge  fabrics  (Chester  and  Logan,  1987)  along  the  faults  indicate 
dextral  strike-slip  motions.  Elsewhere  in  the  Big  Chief  open  pit,  inclined  clayey  gouge 
fabrics  along  the  faults  indicate  both  normal  and  dextral  strike-slip  displacements  on 
different  faults.  Regardless  of  the  sense  of  motion,  the  separation  on  any  post-mineral  fault 
is  not  large,  measured  in  ten's  of  meters.  A  possible  exception  is  the  thrust  complex  in  the 
Big  Chief  open  pit. 

The  northeast-striking  post-mineral  faults  disrupt  the  gold  orcbodies  to  a  greater  extent 
that  the  northwest-striking  reactivated  faults.  These  faults  indiscriminately  cut  mineralized 
faults  and  veins  as  well  as  westerly  striking  faults  that  bound  the  mining  district  (Fig.  4). 
Separation  along  these  faults  is  normal.  However,  inclined  clayey  gouge  fabrics  in  several 
faults  also  imply  a  component  of  left-lateral  strike-slip  movement.  Throughout  the  mining 
district,  left  bends  in  the  presently  defined  outline  of  gold  mineralization  on  the  piedmont 
surface  correspond  to  traces  of  the  northeast-striking  faults  (Figs.  3  and  4). 

The  northeasterly  striking  faults  are  evidendy  left-lateral  oblique-slip  faults,  as  evinced 
by  the  kinks  in  the  economic  mineralization,  observed  fault  separations,  small-scale 
kinematics,  and  the  regional  relations  throughout  the  Chocolate  Mountains  (Dillon,  1976; 
G.F.  Willis  and  R-M.  Tosdal,  unpublished  data,  1990).  One  consequence  of  this  episode 
of  faulting  is  that  the  present  configuration  of  the  orcbodies  in  the  Mesquite  Mining  District 
is  an  oblique  slice  through  the  Oligocene  orcbodies.  In  other  words,  different  levels  of  the 
hydrothermal  system  responsible  for  the  orcbodies  are  exposed  in  adjacent  fault  blocks 
with  the  shallowest  levels  represented  by  the  auriferous  quartz  and  carbonate  veins  in  the 
Big  Chief  orebody  and  the  deepest  levels  by  the  auriferous  carbonate  veins  in  the  Vista 
orebody.  In  addition,  the  mining  district  may  have  been  locally  tilted  slighdy  at  this  time 
though  the  geometric  compatibility  of  the  mineralized  fault  system  to  a  dextral  strike-slip 
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fault  in  its  present  configuration  and  the  shallow  dips  of  the  Miocene  and  younger 
sedimentary  rocks  and  basalts  limits  the  amount  of  tilting  of  individual  fault  blocks  in  the 
district  to  £  20°,  primarily  northwesterly  or  southeasterly  (G.F.  Willis  and  RJvi.  Tosdal, 
unpublished  data,  1986-1991;  Manske,  1991).  Left-lateral  oblique  slip  faulting  along  the 
northeast-striking  faults  also  provides  a  structural  context  for  the  northwest-striking,  post- 
mineral  faults.  These  latter  faults  are  evidently  intra-block  faults  and  their  movement  must 
have  been  linked  to  left-lateral  oblique-slip  on  the  northeasterly  faults.  The  northwesterly- 
striking  post-mineral  faults  thus  are  best  explained  as  structures  which  accommodated 
block  rotation  during  movement  along  northeast-striking  faults.  Because  the  northeast- 
striking  faults  are  curviplanar,  as  evidence  by  their  curvilinear  traces  on  the  piedmont  (Fig. 
4),  there  must  have  been  some  relative  extension  or  shortening  across  the  intervening 
blocks  (Crowell,  1974).  In  the  case  of  rotating  blocks  bounded  between  two  faults  having 
oblique-slip  displacements  and  where  there  is  shortening  or  extension  between  the  oblique- 
slip  faults*  complex  internal  movements  are  required  between  the  rotating  blocks  to 
accommodate  the  strain  (McKenzie  and  Jackson,  1986;  Jackson  and  Molnar,  1990).  The 
evidence  for  thrust,  strike-slip,  and  normal  slip  on  the  northwest-striking  post-mineral 
faults  in  the  Mesquite  Mining  District  is  best  explained  by  this  model. 

Stop  5:  Post-mineral  faulting 

In  the  extreme  northwestern  comer  of  the  Big  Chief  pit  are  some  of  the  more  complex 
results  of  the  post-mineral  faulting.  Here,  muscovite  schist  is  in  relatively  high  angle  fault 
contact  with  the  sedimentary  rocks  on  the  south  side  of  the  740-ft  bench-face.  In  contrast 
near  the  top  of  the  bench-face,  the  muscovite  schist  is  overlain  by  sedimentary  rocks  along 
a  low-angle  fault  contact.  Farther  along  the  north  side  of  the  bench-face,  the  muscovite 
schist  and  sedimentary  rocks  form  a  thrust  fault  duplex  consisting  of  structurally-bounded 
layers  of  sedimentary  rocks  and  muscovite  schist.  A  thrust  fault  geometry  also 
characterized  the  central  portion  of  the  Big  Chief  orebody  at  a  large  scale  where  muscovite 
schist  overlay  the  orebody  along  a  shallow-dipping  fault  in  the  upper  benches  of  the  open 
pit  Biotite  quartzofddspaihic  gneiss  formed  the  foorwall  to  this  thrust  fault.  As  mining 
progressed,  the  muscovite  schist  was  removed  exposing  the  mineralized  gneiss.  The  low 
angle  faults  steepened  and  merged  with  a  high  angle  fault  zone  that  separated  muscovite 
schist  and  biotite  gneiss  on  the  west  side  of  the  orebody. 
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APPENDIX  D 

LETTER  TO  ENVIRONMENTAL  SOLUTIONS,  INC.  :  RESPONSE  TO  QUESTIONS 

DRAFT  REPORT  -  FAULTING  AND  SEISMICITY  IN  THE  VICINITY  OF 

THE  MESQUITE  REGIONAL  LANDFILL,  1992. 

(HEATH,  1992) 


EDWARD  G.  HEATH 

CONSULTING  ENGINEERING  GEOLOGIST 


Dr.  Richard  Ellison  -  President 
Environmental  Solutions,  Inc. 
21  Technology  Drive 
Irvine,  CA  92718 

RE:  Response  to  questions  -  Draft  Report  -  Faulting  and  Seismicity  in  the  vicinity  of  the 
Mesquite  Regional  Landfill 

Dear  Dr.  Ellison: 

At  the  request  of  Mr.  Marshall  Payne,  I  was  asked  to  address  some  of  the  review 
questions  relating  to  the  subject  draft  report.  Some  of  these  questions  reference  prior  work 
that  I  and  others  have  done  in  the  area,  see  Woodward-McNeill,  1974  and  Heath,  1980. 
Based  on  this  prior  experience  in  the  area  and  on  a  review  of  recent  work  by  others,  I  have 
prepared  this  letter  report  to  address  the  issues  raised.  Of  primary  concern  are:  the  possible 
existence  of  the  Sand  Hills  faults  located  approximately  7-9  miles  west  of  the  proposed  landfill 
site;  the  question  of  these  postulated  faults  connecting  with  or  being  an  extension  of  the  San 
Andreas  Fault;  and  the  earthquake  hazard  to  the  site  from  these  and  other  faults  in  the 
Imperial  Valley. 

Sand  Hills  Faults 

California  State  geologic  and  fault  maps  published  prior  to  1974,  ie,  Geologic  Map  of 
California,  C.D.M.G.,  1962;  Geologic  Map  of  Imperial  County,  C.D.M.G.,  1966;  and  Preliminary 
Fault  and  Geologic  Map  of  California,  C.D.M.G.,  1973,  showed  postulated  faults  trending 
along  both  sides  of  the  Sand  Hills.  These  faults  were  shown  as  covered  by  recent  alluvium 
consisting  of  sand  and  fluvial  deposits.  There  were  no  mapped  surface  exposures  and  the 
faults'  locations  were  based  upon  the  apparent  linearity  of  the  Algodones  Sand  Hills. 
Subsequent  to  the  publication  for  these  maps  many  geologists  and  geophysicists  have  studied 
the  area,  including  the  author,  in  attempts  to  confirm  the  existence  of  these  postulated  faults 
and  to  see  if  they  represent  a.  southern  extension  of  the  San  Andreas  Fault  Zone.  The  more 
pertinent  and  more  recent  studies  are  discussed  briefly  in  the  following  paragraphs. 

In  their  early  geophysical  studies  of  the  western  side  of  the  Salton  Trough,  Kovach, 
Allen,  and  Press,  1962,  could  not  confirm  the  existence  of  the  Sand  Hills  faults  along  the 
edges  of  the  Sand  Hills  nor  could  they  confirm  that  they  represented  a  southern  extension  of 
the  San  Andreas  Fault  Zone.  They  stated  that  the  San  Andreas  Fault  Zone  more  likely  enters 
the  Gulf  of  California  as  a  series  of  en  echelon  breaks  rather  than  as  a  single  fault  feature. 

Elders  and  other,  1972,  have  elaborated  on  this  concept  by  relating  rifting  in  the  Salton 
Trough  to  crustal  spreading  and  to  right-stepping  transform  faults  and  postulated  that  the  San 
Andreas  Fault  ends  at  a  spreading  center  south  of  the  Salton  Sea.  They  show  that  farther 
south,  right-stepping  en  echelon  transform  faults  and  spreading  centers  extend  the  length  of 
the  Gulf  of  California. 
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In  their  review  of  the  tectonic  framework  of  the  San  Andreas  -  Salton  Trough  juncture, 
Terres  and  Crowell,  1979,  summarize  the  research  conducted  and  published  by  many  others, 
(see  Crowell  &  Sylvester,  1979).  They  conclude  that;  although  the  complex  transform  -  pull- 
apart  system  in  the  Southern  California  -  Gulf  of  California  juncture  is  obscured  today  beneath 
sediments  in  the  Salton  Trough;  the  San  Andreas,  San  Jacinto,  and  Elsinore  faults  each  end 
at  spreading  centers  or  pull-apart  basins.  They  further  conclude  that  the  Salton  Trough  is  in  a 
transition  zone  where  crustal  rifting  processes  have  interacted  with  transform  faulting  to  form  a 
series  of  large'pull-apart,  interconnected  deep  basins.  In  the  same  publication,  Crowell  and 
Sylvester,  1979,  show  the  San  Andreas  stepping  over  to  the  west  south  of  the  Salton  Sea  and 
show  only  normal,  down-to-the-west  faulting  along  the  area  of  the  Sand  Hills.  Thus  the  San 
Andreas  proper  apparently  ends  in  an  active,  pull-apart  basin  at  the  south  end  of  the  Salton 
Sea. 

In  a  further  investigation  of  the  structure  of  the  Imperial  Valley  and  related  geothermal 
activity,  Elders,  1984,  pointed  out  that  recent  geophysical  studies  of  the  Imperial  Valley  have 
shown  that  it  consists  of  a  trough  of  sedimentary  and  metasedimentary  rocks  as  much  as  10- 
16  km  deep  and  that  the  deepest  part  of  the  trough  coincides  with  the  zone  of  highest 
seismicity  in  the  center  of  the  valley.  This  central  zone  of  present-day  rifting  is  bounded  to  the 
west  by  a  buried  scarp  coinciding,  in  places,  with  the  mapped  trace  of  the  Superstition  Hills 
and  Superstition  Mountain  faults  and  the  Imperial  Fault.  Where  as  on  the  other  side  of  the 
trough,  ie,  the  east  side,  they  found  thinning  of  the  sedimentary  section  to  be  more  gradual,  no 
strong  evidence  of  a  buried  scarp,  and  low  seismicity.  Thus  they  concluded  that  the  present 
day  rifting  is  occurring  in  the  central  and  western  portions  of  the  buried  rift  valley. 

In  the  1973  and  1974  the  author  along  with  others  (Woodward-McNeill,  1974)  was 
involved  in  an  extensive  study  of  the  faulting  and  tectonics  along  the  eastern  side  of  the  Salton 
Trough  for  the  possible  construction  of  a  power  plant  to  be  located  south  of  Yuma,  Arizona. 
One  of  the  main  purposes  of  this  study  was  to  investigate  the  possibility  that  the  San  Andreas 
Fault  might  extend  to  the  southeast  along  the  postulated  Sand  Hills  faults  and  join  with  the 
Algodones  Fault  in  southwestern  Arizona  near  the  proposed  power  plant  site. 

The  investigation  of  the  southern  extension  of  the  San  Andreas  consisted  of  reviewing 
research  and  studies  by  others,  as  discussed  above,  stereoscopic  examination  of  several 
aerial  photo  flights  along  the  postulated  Sand  Hills  faults,  examination  of  deep  seismic 
reflection  lines  run  by  Exxon  across  the  Sand  Hills,  and  surface  reconnaissance  and  limited 
geologic  trenching  across  some  of  the  photo  lineaments  suspected  of  being  fault  traces. 

The  aerial  photo  analysis  found  no  surficial  evidence  of  a  recent  fault  trace  or  a 
suspected  fault  lineament  along  the  east  side  of  the  Sand  Hills.  There  was  a  strong  linearity 
along  portions  of  the  western  side  of  the  Sand  Hills  which  could  represent  possible  fault 
control  of  the  sand  accumulation  on  this  western  side.  The  photos  also  revealed  a  series  of 
en  echelon  lineaments  on  East  Mesa  west  of  the  Sand  Hills  believed  to  be  faults.  These 
lineaments  were  examined  and  trenched  in  the  field  and  confirmed  to  be  faults.  They  were 
found  to  be  primarily  normal,  down-to-the-west  faults  with  possibly  some  lateral  displacement, 
see  Heath,  1980.  These  faults,  here  referred  to  as  the  East  Mesa  Faults,  are  believed  to  be 
basin  edge  faults,  possibly  normal  listric  faults,  caused  by  either  continued  basin  settlement  or 
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by  compaction  of  the  deep  sediments  in  the  trough  or  a  combination  of  both.  They  may  be 
similar  in  origin  to  the  growth  faults  of  the  gulf  coast  region.  The  apparent  laterally  offset 
sedimentary  fades  observed  in  several  trenches  and  the  generally  left  stepping,  en  echelon 
fault  pattern  observed  on  the  aerial  photos  suggest  that  these  faults  may  also  experience 
some  lateral  wrenching  due  to  the  active  rifting  within  the  Salton  Trough. 

Examination  of  the  reflection  seismic  lines  run  across  the  Sand  Hills  by  Exxon  showed 
them  to  be  of  rather  poor  quality,  due  to  the  absence  of  good  reflectors  in  the  sedimentary 
section,  but  also  showed  some  evidence  of  deep  faulting  along  the  trend  of  the  Sand  Hills. 

The  Algodones  Fault  was  investigated  to  determine  its  characteristics  and  to  assess 
whether  or  not  it  might  extend  northwest  toward  the  postulated  Sand  Hills  faults.  The 
Algodones  Fault  was  investigated  with  aerial  photo  analysis,  geophysical  profiles  and  seismic 
lines,  extensive  surface  trenching,  and  hydrogeologic  studies.  It  was  found  to  be  an 
eastwardly  dipping,  normal  fault  confined  to  the  western  margin  of  the  Fortuna  Basin  in 
Arizona.  There  was  no  evidence  that  it  crossed  the  Yuma  basement  high  nor  that  it  extended 
northward  in  to  California,  or  connected  in  any  way  with  the  postulated  Sand  Hills  faults.  Six 
Exxon  deep  seismic  reflection  lines  run  across  the  area  south  of  Yuma  confirmed  several 
basin  edge,  down-to-the-east,  faults  in  the  vicinity  of  the  Algodones  Fault  and  also  several 
basin  edge,  down-to-the-west  faults  west  of  the  Yuma  basement  high.  We  believe  that  is  later 
series  of  faults  represent  faulting  along  the  eastern  edge  of  the  Salton  Trough  and  may  be 
closely  related  to  the  East  Mesa  Faults  described  above. 

One  of  the  conclusions  of  this  power  plant  study  was  that  there  was  good  evidence  that 
the  San  Andreas  Fault  dies  out  in  a  spreading  center  at  the  south  end  of  the  Salton  Sea  and 
that  it  does  not  connect  or  extend  into  the  area  of  the  Sand  Hills  and  that  neither  it  nor  the 
postulated  Sand  Hills  faults  connect  with  the  Algodones  Fault. 

More  recent  studies  by  others  tend  to  confirm  the  San  Andreas  -  Salton  Trough 
tectonics  as  discussed  above.  Dr.  Kerry  Sieh,  who  has  been  studying  the  San  Andreas  fault 
for  the  past  two  decades  discusses  the  behavior  of  the  southern  section  of  the  San  Andreas 
Fault  during  the  past  300  years,  Sieh  and  William,  1990,  and  states  that  this  southern  segment 
is  200  kilometers  long,  extending  from  Cajon  Pass  to  where  it  terminates  just  south  of  Bertram 
(Bombay  Beach  Area)  east  of  the  Salton  Sea.  On  his  Figure  1 ,  also  Figure  1  attached,  he 
shows  the  Brawley  Seismic  Zone  as  an  active  step  over  to  the  west  to  join  the  north  end  of  the 
Imperial  Fault  as  earlier  proposed  by  Kovach  and  others,  1962,  Elders  and  Others,  1972,  and 
Crowell  and  Sylvesters  1979.  Dr.  Sieh  estimates  that  the  last  great  earthquake  on  this 
southern  segment  of  the  San  Andreas  occurred  in  about  1676±35,  or  about  315  years  ago. 
He  estimates  that  this  segment  produces  a  very  large  earthquake  every  two  to  three  hundred 
years  and  that  it  has  accumulated  enough  strain  since  the  last  major  earthquake  to  produce 
another  large  earthquake.  The  South  end  of  this  segment  is  approximately  45  miles  northwest 
of  the  proposed  landfill  site. 

The  Brawley  Seismic  Zone  was  first  defined  by  Johnson  and  Hill,  1982,  where  they 
analyzed  aftershocks  and  earthquake  swarms  following  the  1979  Imperial  Valley 
Earthquake.  They  show  the  seismicity  stepping  over  from  the  north  end  of  the  Imperial  Fault 
towards  the  south  end  of  the  San  Andreas  Fault.  They  relate  this  seismic  zone  to  active 
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spreading  centers  as  proposed  by  Elders  and  Others,  1972. 

The  Seismicity  Map  of  California  compiled  by  Goter,  1988,  for  the  National  Earthquake 
Information  Center  covering  the  year  from  1 808  to  1 987,  shows  the  same  seismicity  trend 
along  the  Brawley  Seismic  Zone. 

Larsen  and  Reilinger,  1992,  reviewed  the  new  global  positioning  system  measurements 
of  strain  accumulation  across  the  Imperial  Valley  and  conclude  that  the  strain  is 
accommondated  exclusively  along  the  Imperial  Fault  in  the  southern  half  of  the  valley  and 
along  several  structures  such  as  the  San  Andreas,  Superstition  Hills  and  the  San  Jacinto 
Faults  to  the  north. 

The  National  Earthquake  Prediction  Evaluation  Council  (NEPEC)  in  conjunction  with 
the  U.S.  Geological  Survey  produced  Open-File  Report  88-398  (1988)  where  in  it  provides 
"Probabilities  of  Large  Earthquakes  Occurring  on  the  San  Andreas  Fault".  In  this  report  they 
define  the  southern  segment  of  the  San  Andreas  to  extend  for  100  km  from  San  Gorgonio 
Pass  to  where  it  terminates  just  south  of  Salt  Creek  on  the  east  side  of  the  Salton  Sea.  They 
calculate  the  probability  of  the  next  large  earthquake  to  occur  on  this  segment  during  the  next 
30  years  to  be  about  40%.  They  further  estimate  that  such  a  large  earthquake  could  have  a 
magnitude  as  large  as  M=71/2. 

With  regard  to  the  postulated  Sand  Hills  faults  the  latest  State  of  California  fault  maps 
show  alternate  interpretations  and  also  different  interpretations  from  the  earlier  state  maps 
which  showed  the  Sand  Hills  faults  dotted  along  both  side  of  the  Sand  Hills.  The  new 
Preliminary  Fault  Activity  Map  of  California,  C.D.M.G.,  1992-3,  shows  only  one  question 
marked  fault  along  the  eastern  edge  of  theSand  Hills.  The  fault  is  shown  as  dotted  and 
queried  indicating  that  it  is  not  seen  at  the  surface  and  that  its  location  and  even  existence  is 
questionable.  On  the  west  side  the  map  shows  only  the  East  Mesa  series  of  en  echelon  faults 
mapped  by  Heath,  1980,  as  discussed  above.  It  shows  no  west  side  Sand  Hills  fault  as  shown 
on  earlier  state  maps. 

The  new  C.D.M.G.,  1992-1,  Map  of  California  showing  "Peak  Acceleration  from 
Maximum  Credible  Earthquakes  in  California",  provides  estimates  of  the  maximum  credible 
earthquakes  for  faults  considered  active  in  California.  The  map  does  not  show,  nor  do  they 
assign  an  earthquake  to  any  Sand  Hill  faults.  They  also  do  not  show  the  East  Mesa  Faults  on 
this  map.  They  show  a  fault,  nearby  to  the  west,  paralleling  the  ancient  shoreline  of  Lake 
Cahuilla  which  they  name  the  East  Highline  Canal  Lineament,  (See  Figure  1  attached). 

It  appears  that  they  consider  this  lineament  to  represent  the  potential  seismicity  along 
the  eastern  margin  of  the  Imperial  Valley,  however,  they  do  not  define  why  they  consider  this 
lineament  an  active  fault.  For  their  earthquake  analysis  of  this  portion  of  the  Imperial  Valley 
they  assign  a  maximum  credible  earthquake  (MCE)  of  Magnitude  M=61/2  to  this  lineament. 
They  also  assign  MCEs  to  the  Brawley  Seismic  Zone  of  M=6,  the  Imperial  Fault  of  M=7,  and 
the  Southern  Segment  of  the  San  Andreas  Fault  of  M=71/2.  They  also  assign  an  M=71/4 
earthquake  to  the  Algodones  Fault  but  as  discussed  earlier  this  fault  is  confined  to  the  Fortuna 
Basis  in  Arizona  and  does  not  enter  California. 
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An  overflight  of  the  Sand  Hills  and  East  Mesa  was  conducted  as  part  of  this  current 
review  on  Dec.  22,  1 992.  This  over  flight  confirmed  the  existence  of  the  East  Mesa  Fault  as 
being  easily  recognized  from  the  air.  It  also  confirmed  some  lineaments  along  portions  of  the 
west  side  of  the  Sand  Hills  which  could  possibly  represent  faulting  or  fault  control  of  the  sand 
depostis.  It  is  also  possible  that  these  lineaments  are  simply  wind  controlled  longitudinal  sand 
ridges.   No  ground  examination  or  geologic  trenching  has  been  done  in  this  area  to  confirm 
faulting.   During  the  overflight  the  eastern  side  of  the  Sand  Hills  was  also  examined  and  no 
evidence  of  faulting  or  fault  related  types  of  lineaments  could  be  observed. 

Conclusions 

Based  on  my  review  of  research  and  mapping  of  others,  many  of  whom  are  respected 
leaders  in  their  field  of  seismology,  geophysics,  and  seismic  geology,  and  my  own  studies  in 
the  area,  I  have  drawn  the  following  conclusions  as  to  the  regional  tectonics,  active  faulting 
and  seismic  hazard  of  the  Imperial  Valley  as  it  relates  to  the  proposed  landfill  site. 

•  The  Salton  Trough  is  in  a  transition  zone  where  crustal  rifting  processes  have  interacted  with 
transform  faulting  and  spreading  centers  to  form  a  series  of  interconnected  pull-apart  basins. 
That  it  is  a  deep  sedimentary  filled  basin  and  that  the  deepest  portion  coincides  with  the  zone 
of  highest  seismicity.  That  the  zone  of  present  day  rifting  coincides  with  known  faults  along 
the  center  and  western  portions  of  the  Trough,  the  Brawley  Seismic  Zone  and  the  southern 
segment  of  the  San  Andreas  Fault. 

•  The  San  Andreas  Fault  terminates  at  the  southern  end  of  the  Salton  Sea  in  a  spreading 
center  where  the  rifting  steps  over  through  the  Brawley  Seismic  Zone  to  the  Imperial  Fault. 

•  There  is  little  evidence  that  the  postulated  Sand  Hills  faults  exist  on  either  side  of  the  Sand 
Hills  as  previously  mapped.  There  is  no  surface  evidence  of  faulting  along  the  east  side  of  the 
Sand  Hills  and  only  the  linearity  of  sand  ridges  on  the  west  side  to  suggest  faulting.  However, 
seismic  reflection  lines  suggest  possible  faulting  under  or  adjacent  to  the  sand  hills. 

•  The  en  echelon  series  of  East  Mesa  Faults  appear  to  represent  the  active  eastern  margin  of 
the  trough.  They  appear  to  be  down-to-the-basin,  normal  listric  faults  do  either  to  continued 
basin  settlement  or  compaction  of  basin  sediments.  They  could  be  aseismic  or  could  produce 
moderate  size  earthquakes.  They  are  not  believed  to  be  connected  with  the  San  Andreas 
Fault  and  are  not  believed  to  be  capable  of  producing  large  earthquakes  similar  to  those  of  the 
San  Andreas  Fault  Zone. 

•  Because  we  cannot  preclude  the  possible  existence  of  other  trough  or  basin  edge  faults 
underneath  the  San  Hills  it  is  not  possible  to  completely  eliminate  them  from  seismic 
consideration  for  the  site.  There  appear  to  be  three  possible  locations  for  one  or  more  of 
these  basin  edge  faults,  ie,  the  hypothesized  East  Highline  Canal  Lineament,  the  East  Mesa 
Faults  or  the  postulated  Sand  Hills  faults.  Based  on  the  prior  studies  and  the  recent  overflight 
we  believe  that  if  there  is  an  active  Sand  Hills  fault  it  would  most  likely  lie  along  the  western 
edge  of  the  Sand  Hills  and  i  fact  may  well  be  represented  by  the  young  and  apparently  active 
East  Mesa  Faults.  Because  of  these  uncertainties  the  conservative  earthquake  scenario  for 
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the  site  would  be  to  place  a  design  earthquake  on  the  eastern  portion  of  the  East  Mesa  Faults 
or  nearby  along  the  western  edge  of  the  Sand  Hills.  Such  a  western  edge  Sand  Hills  fault 
would  lie  approximately  9  miles  west  of  the  site  at  its  closest  approach. 

•  In  selecting  a  maximum  credible  earthquake  (MCE)  for  this  trough  edge  system  the  one 
selected  by  the  state,  C.D.M.G.,  1 992-1 ,  for  the  East  Highline  Canal  Lineament  may  be 
appropriate,  ie,  MCE=61/2.  The  same  state  report  assigns  MCEs  to  other  faults  in  the 
Imperial  Valley  that  should  be  considered  for  the  seismic  hazard  to  the  site.  These  are:  San 
Andreas  Fault,  Southern  Segment,  M=71/2;  Brawley  Seismic  Zone,  M=6;  Imperial  Fault,  M=7; 
and  Superstition  Hills  Fault,  M=7. 

•  The  question  of  whether  the  East  Mesa  Faults  or  a  postulated  Sand  Hill  faults  are 
connected  with  the  San  Andreas  Fault  and  whether  a  large  earthquake  on  that  fault  could 
cause  sympathetic  rupture  on  one  of  them  should  also  be  considered  in  the  seismic  analysis. 
Because  it  is  widely  accepted  in  the  geologic  and  seismic  community  that  the  San  Andreas 
Fault  ends  near  Bertram  (Bombay  Beach  Area)  and  the  active  tectonics  step  over  through  the 
Brawley  Seismic  Zone  to  the  Imperial  Fault,  there  is  little  likelihood  that  a  major  southward 
extension  of  a  San  Andreas  rupture  into  the  Sand  Hills  area  would  occur.  However,  a  major 
event  on  the  San  Andreas  might  cause  or  trigger  sympathetic  movement  on  one  of  the  trough 
edge  faults.  It  is  also  believed  that  such  an  event  would  produce  no  higher  a  maximum 
earthquake  on  one  these  faults  then  has  already  been  estimated.  The  seismic  shaking  at  the 
site,  as  measured  by  peak  ground  accelerations  would  be  expected  to  be  no  more  than  for 
individual  MCEs  on  each  fault  as  presented  above. 


Respectfully  Submitted: 


idward  G.  Heath 
Consulting  Engineering  Geologist,  CEG915 

cc:  Marshall  Payne 
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Sieh  and  Williams:  Behavior  of  Southernmost  San  Andreas  Fault 


Figure  1  Tectonic  setting  of  the  southernmost  San  Andreas  Fault  from 

Sieh  and  Williams,  1990. 

Note:  San  Andreas  Fault,  Brawly  Seismic  Zone,  BSZ,  and  Lake  Cahuilla 

Shoreline. 


D-7 


List  of  References 


C.D.M.G.,  1962,  "Geologic  Map  of  California"    San  Diego  -  El  Centro  Sheet,  Calif.  Divis.  of  Mines  and  Geology. 

C.D.M.G.,  1966,  "Geologic  Map  of  Imperial  County,  California",  Calif.  Division  of  Mines  and  Geology, 
Imperial  County  Report  No.  7. 

C.D.M.G.,  1973,  '.'Preliminary  Fault  and  Geologic  Map  -  State  of  California",  Calif.  Divis.  of  Mines  and  Geology, 
Preliminary  Report  13. 

C.D.M.G.,  1992-1,  "Peak  Acceleration  From  Maximum  Credible  Earthquakes  in  California", 
Calif.  Divis.  of  Mines  and  Geology,  Open  File  Report  92-1. 

C.D.M.G.,  1992-3,  "Preliminary  Fault  Activity  Map  of  California",  Calif.  Divis.  of  Mines  and  Geology, 
Open  File  Report  92-3. 

Crowell,  J.C.  and  A.G.  Sylvester,  1979,  "Introduction  to  the  San  Andreas  -  Salton  Trough  Juncture" 

in  Tectonics  of  the  Juncture  Between  the  San  Andreas  Fault  System  and  the  Salton  Trough  - 
A  Guidebook",  G.S.A.  Meeting  November  1979,  University  of  California,  Santa  Barbara. 

Elders,  W.A.,  R.W.  Rex,  T.  Meidev,  P.T.  Robinson,  and  S.  Biehler,  1972,  "Crustal  Spreading 
in  Southern  California",  Science,  Vol.  178  No.  4056,  October  1972. 

Elders,  W.A.,  1984,  "Notes  on  Geology,  Geothermics  and  Ore  Genesis  in  the  Salton  Trough", 
Society  of  Economic  Geologists  Field  Trip,  February,  1984. 

Goter,  S.K.,  1988,  "Seismicity  of  California,  1808-1987"  National  Earthquake  Information  Center, 
U.S.G.S.  Open  File  Report,  Map  88-286. 

Heath,  E.G.,  1980,  "Evidence  of  Faulting  Along  A  Projection  of  the  San  Andreas  Fault  South  of  the  Satton  Sea", 
South  Coast  Geological  Society,  Desert  Volume,  1980  Field  Trip. 

Johnson,  C.E.  and  D.P.  Hill,  1982,  "Seismicity  of  the  Imperial  Valley"  in  "The  Imperial  Valley, 
California  Earthquake  of  October  5,  1979",  U.S.G.S.  Professional  Paper  1254. 

Korech,  R.L.,  C.R.  Allen,  and  R.  Press,  1962,  "Geophysical  Investigators  in  the  Colorado  Delta  Region", 
Journal  of  Geophysical  Research,  Vol.  67,  No.  7. 

Larsen,  S.  and  R.  Reilinger,  1992,  "Global  Positioning  System  Measurements  of  Strain  Accumulation 

Across  Imperial  Valley,  California:  1986-1989",  Journal  of  Geophysical  Research,  Vo.  97,  No.  B6, 
June  10,  1992 

National  Earthquake  Prediction  Evaluation  Council,  NEPEC,  1988,  "Probabilities  of  Large  Earthquakes 
Occurring  in  California  on  the  San  Andreas  Fault",  U.S.G.S.,  Open  File  Report  88-398. 

Sieh,  K.E.,  and  P.L.  Williams,  1990,  "Behavior  of  the  Southernmost  San  Andreas  Fault  during  the  past 
300years",  Journal  of  Geophysical  Research,  Vol.  95,  No.  B5,  May  10,  1990. 

Terres,  R.  and  J.C.  Crowell,  1979,  "Plate  Tectonic  Framework  of  the  San  Andreas-Salton  Trough  Juncture"  in 
"Tectonics  of  the  Juncture  between  the  San  Andreas  Fault  System  and  the  Salton  Trough  -  A 
Guidebook",  G.S.A.  Meeting  November  1979,  University  of  California,  Santa  Barbara. 

Woodward  -  McNeil,  1974,  "Geotechnical  Investigation  Yuma  Dual-Purpose  Nuclear  Plant,  Yuma, 
Arizona",  Salt  River  Project  In-House  Report. 

D-8 


APPENDIX  E 

SOIL  PROFILE  MEASUREMENTS  FROM 
CONFIRMATION  SOIL  TEST  PITS 


NOTES: 


TABLE   E-l 

SOIL  PROFILE  MEASUREMENTS  FROM 
CONFIRMATION  SOIL  TEST  PITSn^O) 


STATION 

SOIL  HORIZON  THICKNESS 
(inches) 

AV-B1 

B2tk 

B3-C1 

C2 

1 

0to2 

2  to  12 

12  to  18+ 

-- 

2 

0to2 

2  to  24 

24  to  48 

48  to  96+ 

3 

Oto  1.5 

1.5  to  18+ 

- 

- 

4 

0  to  2.5 

2.5  to  3.0 

30  to  48 

48  to  56+ 

5 

Oto  1.5 

1.5  to  1.0 

10  to  14+ 

-- 

6 

Oto  1.5 

1.5  to  7 

7  to  16+ 

— 

7 

0  to  1 .5 

1.5  to  6.5 

6.5  to  16 

16  to  48+ 

8 

Oto  4 

4  to  11 

11  to  18+ 

- 

9 

0  to  2.5 

2.5  to  9 

9  to  14+ 

-- 

10 

Oto  2 

2  to  10 

10  to  18+ 

~ 

11 

0  to  1 .5 

1 .5  to  9 

9  to  13.5+ 

— 

12 

Oto  1 

1  to  12 

12  to  16+ 

- 

13 

Oto  1 

1  to  12 

12  to  14+ 

- 

14 

Oto  1 

1  to  12+ 

~ 

-- 

15 

Oto  1.5 

1.5  to  10 

10  to  12+ 

- 

91-296  (3/1 1/93/ds) 


' ' '    Location  of  test  pits  shown  in  Plate  I. 

(2)  All  test  pits  were  excavated  on  piedmont  fan  surfaces  at  least  35,000  to  40,000  years  old. 

(3)  Criteria  used  to  distinguish  soil  horizons  after  Shlemon,  1993. 
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